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TO:  Members  of  the  Chemistry  Research  Evaluation  Panel 

Gent  1 emen : 

This  time  we  are  presenting  you  with  a big  package.  We  are  including  in 
this  review  the  completed  project  summaries  for  FY75,  FY76  periods,  and 
an  additional  three  month  interval,  known  as  7T  period,  which  accounts 
for  the  change  in  the  fiscal  year. 

Since  our  last  Review,  we  have  had  some  changes.  Besides  the  fiscal  year 
change  of  the  government  to  1 October,  our  office  has  moved  to  Bolling  Air 
Force  Base,  and  we  also  have  those  inevitable  changes  in  our  personnel. 

Mrs.  Marlys  Dillon  is  the  new  secretary  to  the  Director,  and  Dr.  Donald 
Ulrich  and  Lt  Colonel  John  Viola  are  the  new  program  managers  of  the 
Structural  Chemistry  and  Chemical  Dynamics  programs,  respectively. 

In  addition  to  the  above,  the  responsibilities  of  AFOSR  have  been  increased 
The  AFOSR  Director  is  now  responsible  for  the  accountability  of  all  the 
basic  research  funds  (6.1)  in  the  Air  Force.  He  in  turn  has  allocated  to 
the  directors  of  the  various  scientific  disciplines  the  respective  respon- 
sibilities. This,  in  turn,  imposes  additional  work  loads  on  the  program 
managers  in  terms  of  travel,  paperwork,  and  selectivity  of  high  quality 
and  relevant  proposals. 

It  is  this  latter  part  that  we  have  leaned  on  you  panel  members  for 
assistance.  We  are  indeed  grateful  to  you  for  helping  us  select  the 
best  ideas  and  the  best  man,  whose  research  results  are  awaited  with 
interest  by  the  Air  Force  and  by  the  scientific  community.  Thank  you. 

Grateful ly , 

DONALD  L.  BALL 

Director,  Chemical  Sciences 
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A Status  Report  From  Abroad 


ELECTROCHEMISTRY  AT  THE  NORWEGIAN  INSTITUTE  OF  TECHNOLOGY 


(This  article  was  written  by  Major  D.  E.  Dodds,  former  Chief  of 
Physical  and  Environmental  Sciences,  European  Office  of  Aerospace 
Research,  London,  England.) 


Norway's  only  technical  university,  Norges  Tekniske  Hdgskole  (NTH),  was  establi- 
shed at  Trondheim  in  1 9 1 0 . The  objectives  of  the  NTH  are  to  provide  education 
for  engineers  and  architects  and  to  further  the  development  of  those  branches  of 
science  and  art  which  are  pertinent  to  technological  education  and  activity.  NTH 
consists  of  eight  Departments:  Architecture,  Earth  Sciences  and  Metallurgy,  Civil 

Engineering,  Electrical  Engineering,  Chemistry,  Mechanical  Engineering,  General 
Sciences,  and  Naval  Architecture.  Each  Department  in  turn  is  divided  into  several 
institutes.  The  Department  of  Chemistry  has  ten  institutes:  Inorganic,  Organic, 

Industrial,  Physical,  Chemical  Engineering,  Cellulose  Technology,  Industrial  Electro- 
chemistry, Applied  Biochemistry,  Silicate  Science,  and  Marine  Biochemistry. 

There  are  a number  of  research  institutes  closely  associated  with  NTH.  The  most 
important  is  SINTEF  (Foundation  for  Science  and  Industrial  Research).  The  aim  of 
this  independent,  non-profit  organization  is  to  place  the  research  facilities  of 
NTH  at  the  service  of  industry  and  to  coordinate  NTH-industry  relations. 

The  Institute  of  Inorganic  Chemistry,  directed  by  Professor  Harald  A.  0ye,  has 
fourteen  active  research  projects,  mostly  allied  to  the  industries  for  production 
of  aluminum  and  magnesium.  About  50%  of  the  support  for  the  Institute  comes  from 
the  government  for  teaching  and  the  remainder  from  grants  by  science  councils, 
industry,  NATO,  etc.,  for  research  projects.  These  grants  are  administered  through 
SINTEF. 

Research  projects  include  complex  formation  in  molten  and  solid  halides,  theory  of 
aluminum  electrolysis,  convection  and  current  efficiency  studies  in  commercial 
aluminum  reduction  cells,  characterization  of  oxychlor inat ion  catalysts  for  pro- 
ducing vinyl  chloride,  petrochemical  reactions  in  molten  salt  catalysts,  formation 
of  aluminum  carbide,  phase  relations  in  fluoride  systems,  and  matrix  spectroscopy 
studies  of  the  configuration  of  a 1 ka I i /al umi num  and  alkali/iron  fluorides.  This 
Institute  has  developed  an  oscillation  type  viscometer  capable  of  determining  the 
absolute  viscosity  of  low  viscosity  melts  at  elevated  temperatures.  This  instru- 
ment is  also  able  to  measure  viscosities  of  liquids  having  high  vapor  pressures 
such  as  the  chloroaluminates.  NTH  is  involved  in  a National  Bureau  of  Standards 
program  to  recommend  absolute  viscosity  values  of  some  test  molten  salts. 

NTH  has  initiated  work  on  molten  salt  catalyzed  conversion  of  simple  hydrocarbons. 

Current  studies  involve  oxych I or i nat ion  of  ethylene  and  the  effect  of  catalyst 
carriers  on  conversion.  Future  work  will  concentrate  on  molten  salt  catalysis  in 
bulk.  Molten  salt  catalysts  can  give  good  product  selectivity  combined  with  high 
catalytic  activity  and  may  lead  to  unique  synthetic  processes. 

The  Institute  of  Industrial  Electrochemistry,  headed  by  Professor  H.  Holtan,  is 
primarily  engaged  in  research  on  molten  salt  electrolysis  and  corrosion.  As  in 
the  Institute  of  Inorganic  Chemistry,  research  is  directed  at  understanding 
electrochemical  processes  and  improving  efficiencies  of  aluminum  and  magnesium 
production  methods.  Projects  include:  determining  the  activities  of  AlCl^  in 

NaAlCI^  melts,  electrode  reactions  in  NaCI/AlCI^,  and  kinetics  of  halogen 

I 
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evolution  reactions.  Techniques  employed  in  electrode  studies  include  current 
dens i ty/potent i a 1 , double  layer  capacitance,  cyclic  voltimetry  and  anodic 
stripping.  Work  on  NaCl/AlClj  indicates  that  the  primary  discharge  reaction 
is  the  rate  controlling  process  in  A1C1,  rich  compositions,  but  the  mechanism 
changes  in  NaCl  rich  compositions.  Also  the  nature  of  complexes  in  the  double 
layer  changes  with  temperature.  Other  projects  to  be  initiated  include  the 
study  of  aluminum  deposition  reactions  and  the  investigation  of  additives  for 
reducing  the  melting  point  of  salt  mixture.  This  Institute  is  also  investi- 
gating the  corrosive  effects  of  molten  salts  on  such  metals  as  aluminum  and 
steel  . 

Several  projects  in  the  Institutes  of  Inorganic  and  Electrochemistry  directly 
complement  the  Air  Force's  research  on  molten  salt  thermal  batteries.  For 
example,  the  F.  J.  Seiler  Laboratory  is  studying  the  vapor  pressure  and 
electric  conductivity  of  ch 1 ora  1 umi nate  melts  around  200°C  with  particular 
interest  in  AlClj  rich  systems.  0ye ' s group  is  doing  similar  research  on 
A 1 C 1 3 poor  systems  at  800°C.  Together,  these  programs  provide  a more  com- 
plete understanding  of  the  properties  of  chloroal uminates . In  addition,  the 
Seiler  Laboratory  is  well  equipped  to  measure  densities  of  molten  salts,  but 
cannot  measure  viscosities  of  colatile  melts.  Conversely,  NTH  has  a unique 
capability  for  the  latter  but  none  for  the  former. 

NTH  has  outstanding  facilities  and  exceptional  expertise  in  molten  salt  electro- 
chemistry and  processes.  Electrochemistry  research  at  NTH,  as  most  research  in 
Norway  appears  to  be,  is  directly  influenced  by  Norwegian  industries,  particularly 
aluminum  and  magnesium  production  and  the  future  availability  and  exploitation  of 
North  Sea  oil.  Nevertheless,  basic  investigations  are  directly  applicable  to  Air 
Force  research  objectives  for  thermal  batteries.  Closer  Air  Force/NTH  cooperation 
has  been  initiated  and  will  undoubtedly  increase. 
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Chemical 


Instrumentation 


D.  W.  Elliott 


Modern  science  has  developed  to  the  stage  that  it  exists  today 
because  of  the  development  of  new  tools  which  has  assisted  this 
existence  in  the  exploration  of  the  underlying  fundamental  scientific 
principles.  Included  in  this  development  picture  is  the  continuing 
improvement  in  the  performance  of  analytical  instruments  which  is 
steadily  lowering  the  limits  of  detectability.  Many  instrumental 
methods  are  capable  of  microgram  and  nanogram  limits,  while  selected 
methods  have  demonstrated  picogram  (10_^2g)  and  femtogram  (10-1^g) 
limits.  But  it  should  be  emphasized  that  detection  limits,  alone, 
indicate  little  about  the  complexity  of  the  analysis  or  the  diffi- 
culty of  detecting  specific  compounds  in  a conglomerate  of  inter- 
ferents.  The  sensitivity  of  a method  to  specific  compounds  can 
vary  widely.  This  is  probably  the  most  important  factor  in  selecting 
an  analytical  method.  In  this  Chemical  Instrumentation  Program  one 
of  our  objectives  is  to  nurture  and  promote  new  chemical  methods, 
techniques,  and  instrumentation , that  will  give  the  scientific 
community  a handle  on  gathering  scientific  information  which  has 
been  ascertained  to  be  relevant  to  the  solution  of  Air  Force  prob- 
lems. It  is  with  the  foregoing  in  mind  that  new  research  ideas  in 
this  area  are  given  priority  consideration  in  the  selection  process 
for  inclusion  in  the  program. 

A sampling  of  a few  accomplishments  in  the  program  follow: 

Professor  J.  D.  Winefordner  at  the  University  of  Florida  has 
utilized  tunable  dye  lasers  (TDL)  as  an  excitation  source  in  mole- 
cular luminescence  spectrometry  (MLS) . Although  the  use  of  TDL 
had  often  been  suggested,  it  was  Winefordner ' s group  that  put  it 
to  practice.  They  and  others  had  used  it  previously  in  atomic 
fluorescence  spectrometry . 

The  criteria  for  an  ideal  source  for  MLS  should  be: 


(1)  sufficiently  intense  as  to  result  in  near  saturation  of 
the  excited  electronic  state,  in  order  to  minimize  source  fluctuation 
errors  and  environmental  changes,  i.e.,  variations  in  the  quantum 
efficiency,  and  to  maximize  the  linear  range  of  the  analytical 
calibration  curve;  (2)  of  sufficiently  narrow  tunable  spectral  out- 
put to  enable  excitation  resolution  of  molecules;  (3)  and  suffi- 
ciently safe  and  easy  to  operate  and  maintain,  and  economical  to 
purchase  and  maintain,  so  that  workers  in  the  field  will  utilize 
the  source  for  research  and  routine  measurements.  The  pulsed, 
tunable  dye  laser  seems  to  fulfill  or  nearly  fulfill  requirements. 


The  University  of  Florida  experimental  set-up  consists  of  a 
pulsed  TDL,  a conventional  molecular  fluorescence  cell  assembly 
maintained  at  room  temperature,  a 0.3  m Czerny-Turner  monochro- 
mator, an  EMI  9681B  photomultiplier  and  a boxcar  integrator-recorder 
readout.  A 110  mm  focal  length,  biconvex,  fused  silica  lens  was 
used  to  focus  the  laser  beam  at  the  center  of  the  ] x 1 cm  quartz 
cell.  A 1:1  image  of  the  cell  was  formed  at  the  entrance  slit  of 
the  emission  monochromator  with  a similar  quality  lens.  After 
tuning  the  laser  for  maximum  fluorescence  signal  with  the  molecule 
of  interest,  the  cross-sectional  area  was  observed  visually  on  a 
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calibrated  grid  with  a microscope.  The  total  flux  of  the  laser  was 
measured  with  a calibrated  vacuum  photodiode  (ITT  4000  S-5)  and 
calibrated  neutral  density  filters  (Ealing  Corp. , Cambridge,  Mass.). 
The  laser  duration  was  measured  with  a sampling  oscilloscope 
(Tektronix  545A  with  1S1  plug-in)  connected  to  the  boxcar  integrator. 
The  spectral  bandwidth  of  the  laser  beam  was  measured  by  scattering 
the  laser  beam  into  the  monochromator  with  a Teflon  sheet  and 
scanning  the  monochromator  with  0.01  nm  minimal  bandpass. 

The  effect  of  laser  irradiance  upon  the  absorption  and  fluo- 
rescence signals  was  observed  by  two  means:  (i)  the  signals  were 

measured  with  and  without  the  focussing  lens  between  the  laser  and 
sample  cell;  and  (ii)  the  signals  were  measured  with  and  without 
neutral  density  filters  between  the  laser  and  the  sample  cell. 

From  theoretical  and  experimental  considerations,  it  seems 
evident  that  the  pulsed  tunable  dye  laser  is  capable  of  approaching 
saturation  conditions  for  many  organic  molecules:  Experimental 

results  shown  in  Table  1,  in  which  the  absorption  signal  for  fluo- 
rescence depends  upon  the  source  irradiance  and  the  fluorescence 
signals  do  not  vary  linearly  with  the  source  irradiance  incident 
upon  the  sample,  are  qualitatively  consistent  with  those  predicted 
for  a saturated  system.  At  high  source  irradiances  incident  upon 
the  sample,  the  absorbance  is  smallest  and  approaches  a constant 
value  as  the  source  irradiance  decreases.  In  agreement  with  these 
results,  the  ratio  of  fluorescence  signal  obtained  without  neutral 
density  filter  between  the  sample  and  the  source  to  that  with  a 
neutral  density  filter  increases  nonlinearly  as  the  neutral  density 
filter  becomes  more  opaque.  Similar  results  were  obtained  for  acri- 
dine and  quinine  sulfate. 

Table  1.  F.ffect  of  laser  irradiance  upon  the  absorption  and  fluorescence  signals 
of  fluorescein,  quinine  sulfate  and  acridine. 


Mo lecul c 

Variable 
f ilter/Lens 

Wavelengths  (nm) 

Excitation  Emission 

Fluorescence 

ratio,* 

Absorbance*  Fp/Fx 

Fluorescein 

No  filter/Lens 

480.0 

514.3 

0.22 

1.0 

Fluorescein 

50%  filter/Lens 

480.0 

514.3 

0.23 

1.5  (1.3+) 

FI uorescein 

10%  filter/Lens 

480.0 

514.3 

0.38 

6.6 

Fluorescein 

No  filter/No  lens 

480.0 

514.3 

0.63 

1.0 

Fluorescein 

10%  filter/No  lens 

480.0 

514.3 

0.63 

2.0 

Acrid ine 

No  f ilter/Lens 

359.5 

415.2 

1.0 

Acridine 

50%  filter/Lens 

359.5 

415.2 

1 .87 

Acridine 

10%  f ilter/Lens 

359.5 

415.2 

8.6 

Quin  ine 

No  filter/Lens 

365.0 

453.8 

1.0 

Quinine 

50%  filter/Lens 

365.0 

453.8 

1.24  (1.35+) 

Quinine 

10%  filter/Lens 

365.0 

453.8 

3.82 

* 10  ppm  of  respective  solution,  unless  otherwise  indicated, 
t 10  ppb  of  respective  solution. 


Because  of  the  simplicity  of  the  experimental  system,  i.e.,  no 
excitation  monochromator,  because  of  the  narrow  spectral  output,  i.e., 
*'~0 . 4 nm  without  frequency  narrowing  and  much  less  with  frequency 
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narrowing,  and  because  of  the  good  limits 
efforts,  it  would  seem  that  pulsed  tunabl 
use  in  the  analytical  laboratory,  particu 
selectivity  is  needed.  It  should  be  poss 
one  m lecule  in  the  presence  of  others, 
laser  also  has  the  potential  of  additiona 
resolution  resulting  from  its  short  ( < 1 0 
could  also  be  increased  through  the  use  o 
and  luminescence,  as,  with  the  dye  laser, 
state  may  be  significantly  populated. 


of  detection  with  minimal 
e dye  lasers  should  have 
larly  where  excitation 
ible  to  excite  selectively 
The  ^-pulsed  tunable  dye 
1 selectivity  through  time- 
nsec)  pulse.  Selectivity 
f excited  state  absorption 
the  first  excited  singlet 


For  those  molecules  in  which  intersystem  crossing  takes  place 
from  higher  vibronic  levels  of  the  excited  singlet  state,  selective 
excitation  to  lower  vibronic  levels,  e.g.,  of  the  0-0  band,  may 
increase  the  fluorescence  signal  level  via  improved  quantum  efficiency 
or  selective  excitation  to  the  higher  vibronic  levels  may  increase 
the  phosphorescence  signal. 

Under  saturation  conditions,  the  tunable  dye  laser  also  has  the 
potential  of  increasing  the  linear  working  range  and  also  of 
decreasing  the  effect  of  the  environment  (e.g.,  quenchers)  upon  the 
analysis . 

At  Hughes  Research  Laboratories,  Dr.  Hong  Sup  Lim,  and  Dr.  J. 
David  Margerum  have  been  studying  dopant  effects  on  dc  dynamic 
scattering  (DS)  in  a liquid  crystal.  The  microscopic  patterns  of 
dc  - DS  show  that  the  electrochemical  properties  of  dopants  determine 
the  dominant  charge  injection  reaction,  direction  of  liquid  crystal 
(LC)  flow,  and  location  of  the  LC  turbulence.  They  have  compared 
different  dopants  (an  electron  acceptor,  an  electron  donor,  and  a 
non-reactive  salt)  in  an  ester  LC.  These  results  differ  substan- 
tially from  earlier  microscopic  observations,  of  dc-DS  in  other 
LC ' s , but  are  consistent  with  their  studies  showing  that  redox 
dopants  (donors  and  acceptors  which  readily  undergo  reversible 
electrochemical  reactions  in  the  LC)  give  dc-DS  at  lower  threshold 
voltages  as  well  as  giving  higher  scattering  levels  and  much  longer 
lifetimes  than  salt  dopants. 

A nematic  LC  designated  as  HRL-2N10  is  used.  It  has  a nematic 
range  of  about  18°  to  55°,  a dielectric  anisotropy  of  ea  = -0.12 
(25°C,  500  Hz)  and  a biref ringency  of  An  = 0.14  (25°,  545  nm) . In 
the  undoped  state,  it  is  highly  resistive  (p  = 3.8  x 1011  ohm-cm 
at  100  Hz)  and  does  not  show  DS  effects.  The  salt  dopant  used  is 
tetrabutylammonium  trif luoromethanesulfonate  (TDATMS) ; the  acceptor 
is  ( 2 , 4 , 7-tr initro-9-f luoreny 1 idene) malononi tr i le  (TFM)  ; and  the 
donor  is  di-n-butylferrocene  (DBF). 

Electrochemical  studies  in  solvents  containing  0.1  M tetrabutyl- 
ammonium perchlorate  show  decomposition  potentials  (vs.  saturated 
calomel  electrode)  of  the  LC  components  at  about  +1.7  V (in 
acetonitrile)  for  oxidation  and  -2.2  V (in  dimethylformamide)  for 
reduction.  The  formal  reduction  potentials  (in  acetonitrile  vs. 

SCE)  for  the  reversible  electrode  process  of  the  redox  dopants  are 
quite  low,  e.g.,  0.03  V for  TFM  and  0.32  V for  DBF.  Thus  when  the 
LC  contains  TFM  or  DBF,  the  electrochemical  reactions  of  these 
dopants  should  be  a dominant  factor  in  the  passage  of  current 
through  the  LC.  This  is  confirmed  by  using  a polarizing  microscope 
to  observe  the  direction  of  LC  flow  between  electrodes.  Test  cells 
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(Pig.  1)  are  made  by  sandwiching  the  LC  between  a substrate  con- 
taining two  thin  film  transparent  electrodes  and  a glass  cover 
plate  with  a 51  urn  thick  Mylar  spacer.  This  cell  geometry  is 
chosen  to  allow  space  for  the  back  flow  of  the  LC  outside  the  area 
of  observation,  i.e.,  in  the  periphery  of  the  cell  where  the  field 
is  low.  The  LC  is  aligned  parallel  to  the  surface  of  the  glass  and 
perpendicular  to  the  electric  field,  by  a rubbing  technique.  With 
TFM  added,  the  LC  flow  is  predominately  from  the  negative  to  the 
positive  electrode,  while  with  DBF  added  the  predominant  LC  flow 
is  from  positive  to  negative..  When  equimolar  mixtures  are  added, 
the  LC  flow  in  each  direction  is  approximately  balanced,  which  is 
also  the  case  when  the  salt  dopant  is  used.  These  flow  patterns 
are  observed  by  the  movement  of  dust  particles  in  the  LC.  The  flow 
directions  are  also  confirmed  by  studies  in  tubular  cells  with 
screen  electrodes  and  side  arm  capillaries  to  indicate  the  pressure 
effect  of  the  LC  flow. 


4 ’(V 


(b) 


SPALL K 


Figure  1 . Test  cells  for  microscopic  pattern  studies 
of  dc-DS.  (a)  Substrate  with  electrodes. 

( b ) Cross  — Section  of  assembled  cell,  with 
S "v  380  pm  and  l = 5 1 pm.  The  microscope 
view  is  from  the  top,  perpendicular  to  the 
applied  field. 

The  direction  of  the  LC  flow  is  consistent  with  a unipolar 
space  charge  injection  followed  by  the  propagation  of  the  space 
charge  under  the  influence  of  the  applied  electric  field,  as 
previously  observed  or  discussed  by  others.  The  results  indicate 
that  in  the  presence  of  TFM  unipolar  injection  of  negative  ions 
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is  probably  dominant  (TFM  + e-  = TFM  ) , followed  by  the  reverse 
reaction  at  the  positive  electrode.  Similarly  with  DBF,  unipolar 
injection  of  positive  ions  is  probably  dominant  (DBF  = DBF+  + e”) 
followed  by  the  reverse  reaction  at  the  negative  electrode.  A 
simultaneous  bipolar  injection  occurs  when  both  redox  dopants  or 
when  the  salt  is  present.  However,  when  the  dopant  is  a non-reactive 
salt,  LC  radical  ions  are  probably  formed  at  the  electrodes. 

In  the  study  of  scattering  patterns  with  the  different  dopants 
at  various  applied  voltages,  no  scattering  was  observed  with  the 
salt  dopant  at  40  V.)  With  the  salt  dopant,  the  scattering  pattern 
has  a line  structure  which  contains  alternating  lines  originating 
from  each  electrode.  Thin  flow  lines  of  LC  are  initiated  from  each 
electrode  at  the  same  time  and  propagate  toward  the  opposite  elec- 
trode. Dust  particles  move  along  the  lines  in  the  direction  of  the 
propagation,  indicating  that  the  lines  are  caused  by  LC  flow.  These 
effects  are  similar  to  Williams  domains,  in  which  the  source  of  the 
LC  hydrodynamic  motion  has  been  well  analyzed.  However,  with  a 
redox  dopant  the  general  appearance  of  the  scattering  pattern  is 
quite  different.  Turbulent  motions  of  LC  are  observed  at  lower 
voltages,  without  formation  of  a regular  line  structure.  The 
turbulence  is  initiated  from  one  electrode  and  propagates  toward 
the  other.  Except  at  very  high  voltages,  the  turbulence  does  not 
reach  the  opposite  electrode  but  remains  localized  near  the  electrode 
where  it  was  initiated.  The  most  interesting  observation  is  that 
the  turbulence  is  initiated  from  the  negative  electrode  when  the 
dopant  is  the  donor  and  from  the  positive  when  the  dopant  is  the 
acceptor,  while  the  charge  injection  and  the  liquid  crystal  flow 
are  in  the  opposite  directions.  Dust  particles  move  from  the  rear 
of  the  non-turbulent  electrode  toward  the  turbulent  electrode  and 
travel  across  it. 

When  the  redox  dopant  is  a balanced  mixture  of  the  acceptor  and 
donor,  the  turbulence  occurs  more  randomly.  At  low  voltages  turbu- 
lence begins  at  both,  electrodes  and  also  between  them,  although  to 
a lesser  extent.  Regions  of  flow  may  appear,  but  the  overall  effect 
is  more  like  a combination  of  pictures  from  the  individual  redox 
dopants  than  that  of  the  salt  dopant  finger  patterns.  The  onset  of 
turbulence  occurs  at  lower  voltages  with  redox  dopants  (single  or 
mixed)  than  with  salt  dopants,  and  the  LC  turbulence  is  greater  at 
a given  voltage.  Similar  results  are  observed  with  the  same  LC 
between  transparent  electrodes  in  conventional  flat  panel  cells. 

References : 

Journal  of  Electrochemical  Society  (June  1976) 


Structural  Chemistry 


DONALD  R.  ULRICH 

The  objective  of  the  Structural  Chemistry  task  is  to  establish  the  fundamental 
st rue t ure-p roper t y correlations  in  non-metal  lie  materials  as  a basis  for  pre- 
dicting the  performance,  properties  and  synthesis  of  new  materials  of  high 
potential  interest  to  the  Air  Force.  The  task  encompasses  programs  in  polymer, 
science,  glass  chemistry,  solid  state  chemistry  and  carbon-carbon  materials 
research . 

The  research  in  polymer  chemistry  is  focussing  on  structural,  containment  and 
environment  resistant  materials  with  thrust  areas  in: 

1.  Structural  adhesive  and  composite  matrix  durability. 

2.  Processing  science  of  polymers. 

3.  Mi cros t rue ture/propert //process i ng  relations  of  amorphous  and  semi- 
crystalline polymers. 

A.  Se I f - re i n forced  or  ordered  polymers. 

5.  Fuel  tank  sealant  rheology  and  morphology. 

6.  Protective  materials  for  spacecraft. 

Dr.  Roger  Morgan  of  the  McDonnell  Douglas  Research  Laboratory  has  been  investi- 
gating the  basic  relations  between  the  chemical  and  physical  structure,  failure 
processes  and  mechanical  response  of  polymeric  glasses,  in  particular,  epoxies. 
Epoxies  have  been  shown  to  fail  by  a crazing  process  under  tension.  The  modifica- 
tion of  structure  - property  relations  by  fabrication  procedures  and  environmental 
exposures  are  also  being  studied.  These  data  will  be  utilized  to  understand  the 
basic  phenomena  controlling  the  durability  of  epoxy  adhesives  and  composites 
used  as  aircraft  structural  components.  The  crazing  failure  process  in  epoxies, 
in  particular,  the  craze  cavitational  mechanism,  has  been  shown  to  be  signifi- 
cantly modified  by  absorbed  water. 

The  principles  underlying  the  processing  mechanisms,  structure  and  morphology 
of  high  temperature  polymeric  alloys  are  being  studied  by  Dr.  Ian  Hay  of  the 
Celanese  Research  Company.  Since  the  most  stable  Air  Force  polymer  systems  are 
relatively  intractable  and  difficult  to  process  by  current  fabrication  techniques, 
the  process i b i I i ty  by  alloying  with  compatible  polymers  and  monomers  to  yield 
combinations  of  polymers  which  are  more  readily  fabricable  and  have  high  tempera- 
ture properties  similar  to  the  major  intractable  components  is  being  pursued. 

In  complementary  research.  Dr.  Frank  Karasz  of  the  University  of  Massachusetts  is 
determining  how  molecular  structure  and  morphology  on  a supermol ecu  1 ar  scale 
govern  polymeric  interactions  and  the  resultant  physical  and  mechanical  properties. 
Research  on  the  development  of  the  specific  principles  for  predicting  compatibility 
and  alloying  in  mul t i -component  polymer  systems  is  being  conducted.  In  blends,  for 
example,  he  has  shown  that  processing  can  be  crucially  important  with  respect  to 
properties  of  the  end  product. 

Polymer  films  formed  from  a 50/50  blend  of  po I y (2 ,6-d i met hy 1 phenylene  oxide)  with 
a copolymer  containing  A3  more  percent  o-chlorostyrene  and  57  more  percent 
p-chlorostyrene  can  be  homogeneous  and  transparent,  when  produced  by  annealing 
at  2A0°C,or  phase-separated  and  cloudy  if  annealed  at  270°C,  and  cooled  rapidly. 

The  mechanical  properties  of  the  two  systems  differ  dramatically;  the  tensile 
strength  of  the  homogeneous  system  was  5 - 1 0 times  greater  than  that  of  the  phase- 
separated  film. 
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A remarkable  feature  of  the  latter  is  that  this  structure  is  developed  in  a few 
minutes  (5*15)  at  270°C,  demonstrating  that  considerable  mass  transfer  of  high 
molecular  weight  constituents  can  occur  over  such  time  scales. 

Dr.  Karasz  has  shown  that  the  tensile  strength  of  blends  presents  a new  criterion 
for  compatibility  of  binary  polymer  systems  in  that  compatible  polymer  pairs  always 
display  a maximum  in  tensile  strength  as  a function  of  blend  composition;  incompati- 
ble systems  display  a mini  mum  in  this  property.  This  effect  is  believed  to  be 
associated  with  mass  dens i f i ca t i on . 

Professor  Donald  R.  Uhlman  of  the  Massachusetts  Institute  of  Technology  is  con- 
ducting research  to  provide  insight  into  the  important  mi cros t ructura 1 features 
of  polymers,  their  dependence  on  processing  variables,  and  their  relations  to 
mechanical  and  optical  properties.  Attention  is  being  directed  to  (1)  nodular 
structures  in  amorphous  polymers,  both  thermoplastics  and  thermoset;  (2)  structure 
differences  between  bulk  material  and  near-surface  regimes  in  semicrystalline  poly- 
mers; (3)  crystallization  behavior  under  high  thermal  gradients  and  its  effect  on 
structure;  and  (4)  differentiation  between  adjacent  re-entry  folding  and  switch- 
board models  for  the  basic  structural  units  in  semi c rys ta 1 1 i ne  polymers. 

Understanding  of  the  glass  transition  phenomena  as  related  to  structure  is 
essential  to  the  process i b i 1 i ty  of  new  polymer  systems.  Dr.  Martin  Goldstein 
of  Yeshiva  University  has  been  studying  the  thermodynamics  of  the  glass  trans- 
ition as  related  to  the  structure  and  the  strength  of  secondary  relaxation  pro- 
cesses as  related  to  annealing,  the  fictive  temperature,  and  structural  state  of 
the  amorphous  phase. 

The  Air  Force  Materials  Laboratory  and  AFOSR  are  jointly  conducting  research  on 
ordered  polymers  for  molecular  or  sel f- re i nforced  composites.  Currently  available 
aircraft  structures  fabricated  from  high  strength  fiber  reinforced  composites 
obtain  their  high  strength  from  the  fiber  reinforcement  of  amorphous  matrix  resins 
wherein  the  fibers  have  been  drawn  to  produce  molecular  alignment.  However,  air- 
craft structures  fabricated  from  the  unigue  high  strength  homopolymers  will  derive 
their  high  strength  from  the  alignment  or  ordering  of  long  chain  polymer  molecules 
in  the  polymer  matrix. 

Professor  Guy  Berry  of  Ca rneg i e-Me 1 Ion  University  is  studying  the  kinetics  of 
polymerization  of  rodlike  polymers.  The  research  of  Dr.  Paul  Flory  at  Stanford 
centers  on  the  statistical  thermodynamics  of  stiff  chains  directed  toward  models 
for  semi - f 1 ex i b I e chains,  the  theory  of  heterod i sperserods  , the  application  of 
theory  to  liguid  crystals  comprising  anisometric  species  of  low  molecular  weight, 
and  the  factors  governing  generation  of  phases  of  high  molecular  orientation  in 
extended,  stiff-chain  polymers.  Professor  Fratini  of  the  University  of  Dayton 
is  conducting  structural  studies  of  ordered  polymer  systems  and  monomeric  model 
compounds . 

Operational  and  advanced  Air  Force  systems  employ  hydraulic  fluids,  electrodynamic 
lubricants,  fuels  and  propellants  which  are  required  to  have  superior  physical, 
thermal  and  mechanical  properties  over  broad  temperature  and  pressure  ranges. 

The  basic  principles  and  parameters  governing  the  behavior  of  these  fluid  mixtures, 
their  dependence  upon  temperature  and  pressure,  and  their  correlation  with  mole- 
cular structure  have  not  been  understood.  Dr.  Jeri  Jonas  of  the  University  of 
Illinois  studied  the  high-pressure  nuclear  magnetic  resonance  relaxation  of  super- 
critical dense  fluids.  His  research  proved  that  transport  and  relaxation  properties 
of  simple  fluids  composed  of  molecules  of  spherical  shape  can  be  interpreted  in 
terms  of  the  hard  sphere  model  of  liquids.  He  also  established  the  validity  of  the 
rough  hard  sphere  model  of  liquids  to  describe  transport  processes  and  relaxation 
behavior  in  binary  mixtures.  As  an  extension  of  this  work,  Dr.  Jonas  is  studying 
the  dynamic  structure  of  viscoelastic  fluids  and  elastomers.  This  includes  investi- 
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gating  the  dynamic  processes  at  the  molecular  level  of  fuel  tank  sealants  and 
correlating  them  with  macroscopic  properties  to  establish  a guide  for  the  develop- 
ment of  better  sealants.  In  conjunction  with  Dr.  Jonas  and  AFML , Dr.  Berry  of 
Carnegie  Mellon  is  studying  how  the  rheological  properties  of  sealants  vary  with 
the  choice  of  polymer,  type  and  amount  of  additives  and  environmental  conditions. 

The  interaction  of  synchronous  orbit  satellites  with  its  environment  activates 
electrification  and  electrical  discharge  processes  producing  electromagnetic 
noise  pulses  and  effluents  which  deteriorate  satellite  materials,  surfaces  and 
components.  Dr.  Joseph  Nanevicz  of  the  Stanford  Research  Institute  is  performing 
research  to  understand  the  mechanisms  underlying  spacecraft  charging  in  polymeric 
and  other  nonmetallic  dielectrics.  It  is  expected  that  his  research  will  contri- 
bute to  the  establishment  of  guidelines  for  the  design  and  modification  of 
satellite  materials  which  are  not  degraded  by  the  effects  of  electrical  charging 
and  which  will  minimize  disruptions  in  Air  Force  space  systems  mission  performance. 
His  approach  is  to:  (a)  study  the  nature,  causes  and  effects  of  charging  and  dis- 
charging processes  in  typical  spacecraft  polymers  and  other  nonmetallic  dielectrics 
under  orbital  conditions;  (b)  determine  the  physics  of  critical  electrostatic 
charging  properties;  and  (c)  study  the  methods  for  mod i f i cat  ion  of  materials 
properties  to  improve  their  in-space  performance  characteristics. 

Glass  chemistry  research  stresses  the  compositional  and  structural  control  of 
thermal  expansion,  mechanical  strength  and  hardness,  chemical  durability,  inter- 
actions with  infrared  and  visible  radiation,  and  the  environmental  sensitivity  of 
propert i es . 

For  aircraft  canopies,  oxide  glasses  are  laminated  to  organic  polymers.  Usually 
the  expansion  coefficients  of  organic  polymers  are  much  higher  than  those  of  oxide 
glasses.  This  mismatch  in  expansion  can  cause  high  stresses  at  the  interface  and 
can  lead  to  delamination  and  cracking.  High  expansion  glasses  have  been  prepared 
at  UCLA  by  Professor  J.  D.  Mackenzie  which  show  no  cracking  when  cooled  at  20°C. 

To  increase  the  chemical  durability  (i.e.,  decrease  the  dissolution  rate)  the  high 
expansion  glasses  containing  sodium  ions  were  ionexchanged  in  molten  lithium 
nitrate.  The  thin  layer  of  lithium-rich  glass  has  much  better  chemical  durability 
and  hence  acts  as  a protective  layer.  However,  the  expansion  coefficient  is  con- 
trolled by  the  bulk  of  the  glass  which  has  high  expansion.  Thus  new  glasses  with 
high  expansion  and  good  chemical  durability  have  been  developed. 

The  fundamental  understanding  of  how  structure  influence  optical  properties  of 
solids  is  vital  for  establishing  the  principles  of  laser  hardened  glass  and  if 
materials  are  used  to  reflect  and/or  scatter  infrared  radiation.  Part  of  Dr. 
Mackenzie's  studies  involve  the  reflection  of  infrared  by  materials  which  are 
transparent  in  the  visible  part  of  the  spectrum.  His  work  in  this  area  is  pre- 
sently concerned  with  the  deposition  of  films  of  BeO  on  to  glass  surfaces  and 
the  study  of  the  reflectivity  of  such  films  since  crystalline  beryllium  oxide 
shows  remarkable  reflectivity  in  the  10  to  14  micron  range  of  the  infrared. 

In  complementary  research,  Dr.  Larry  Hench  at  the  University  of  Florida  has 
undertaken  the  systematic  study  of  glass  and  g I ass-cerami cs  to  c'jtermine  the 
relationship  of  residual  glass  phase  composition  and  distribution  to  the 
environmental  sensitivity  of  the  mechanical,  dielectric  and  thermal  properties. 

His  research  also  includes  sialon  glasses  and  the  establishment  of  non- 
destructive testing  procedures  for  investigating  residual  glass  content. 

The  objective  of  the  solid  state  chemistry  subtask  is  the  systematic  development 
of  crystal  chemistry  methods  for  the  prediction  of  chemical  structures  with  electro- 
magnetic properties  in  new  organic,  inorganic  and  molecular  solids.  Thrusts  in 
molecular  crystal  chemistry,  organic  crystal  chemistry,  inorganic  defect  crystal 
chemistry  and  the  study  of  the  fundamental  electro-optical  properties  of  inorganic 
solids  containing  transition  metal  complexes  constitute  the  systematic  development 
of  this  area.  Ir. 
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The  objective  of  the  research  of  Dr.  Glenn  A.  Crosby  of  Washington  State 
University  is  to  utilize  transition  metal  complexes  and  their  cha rge- t rans fe r 
excited  states  in  inorganic  solids  to  guide  the  design  of  new  electronic  materials 
with  potentially  useful  electro-optical  properties.  The  research  encompasses 
chemical  synthesis,  luminescence  spectroscopy,  and  the  determination  of  the 
effects  of  external  magnetic  fields  on  excited  solid  state  properties  of  com- 
plementary inorganic  complexes  whose  electronic  structures  suggest  the  incidence 
of  strong  solid  state  interactions  when  the  units  are  incorporated  with  solids. 
This  includes  an  investigation  of  complexes  that  are  highly  colored  but  contain 
closed  shell  d °ions.  Spectroscopic  investigation  of  new  zinc  compounds  with  the 
generic  formula  Zn (S-S)  (N-N)  , Zn ( S — L ) 2 ( N — N ) or  Zn(N-N)X2>  where  N-N  indicates  a 
bidentate  heterouromat ic  ligand,  S-S  an  aromatic  thiol,  S-L  an  aromatic  thiol, 
and  X a halogen,  confirms  the  existence  of  an  interliquid  t ransmeta 1 1 i c charge 
transition  (ITCT)  that  is  responsible  for  the  deep  and  variable  colors  of  these 
materials  and  for  the  diverse  spectroscopic  properties  observed.  Crosby's 
fundings  show  that:  (a)  the  ITCT  excited  state  can  be  turned  over  a large  fre- 
quency range ; (b)  the  ITCT  excited  state  has  a small  s i ngl et- t r i p I et  split 
( 300  cm-');  (c)  the  ITCT  excited  state  can  modulate  both  the  yield  and  the 
lifetime  of  both  the  fluorescence  and  the  phosphorescence  from  the  molecules; 
and  (d)  the  distinct  possibility  exists  of  tuning  the  excited  state  to  interact 
quadrat ical ly  with  an  external  magnetic  field.  This  research  shows  great  promise 
for  designing  new  and  unusual  materials  that  will  display  huge  charge  separations 
in  their  excited  states. 

Dr.  Elliott  Bernstein  of  Colorado  State  University  is  pursuing  research  in  mole- 
cular crystal  chemistry  to  develop  the  charac ter i za t i on  and  understanding  of 
cooperative  solid  state  phenomena  in  molecular  crystals.  This  includes  experi- 
ments to:(a)  identify  and  relate  soft  modes,  lattice  instabilities  and  structural 
magnetic  and  electrical  phase  transitions  in  molecular  crystals;  (b)  to  define 
the  interaction  of  e I ect romagnet i c radiation  and  dipolar  lattice  and  molecular 
modes  in  molecular  solids,  including  ferroelectric  and  ferroelastic  materials; 
and  (c)  to  establish  the  existence  or  nonexistence  of  polaritrons  in  molecular 
solid  state  chemistry  and  dynamic  behavior. 

The  Office  of  Naval  Research  and  AFOSR  are  jointly  supporting  a research  program 
in  carbon-carbon  materials  and  structures.  Carbon-carbon  composites  are  the  lead- 
ing structural  materials  for  rocket  nozzles  and  missle  nosetips  and  heat  shields 
because  of  their  high  thermal  stability,  flexibility,  light  weight,  chemical 
inertness,  low  thermal  conductivity,  dimensional  stability,  low  electrical 
resistivity,  nontoxicity,  nonflammability  and  other  attributes.  The  fabrication 
of  carbon-carbon  composites  involves  a series  of  operations  starting  with  weaving 
carbon  fiber  bundles  into  an  orthogonal  fabric.  This  is  followed  by  pressure 
impregnation  of  the  preform  with  liquified  coal  tar  pitch,  carbonization  and 
graph i t izat ion . The  latter  three  steps  are  repeated  as  required  to  densify  the 
composite  or  billet.  The  processing  is  common  to  composites  for  both  rocket 
nozzle  and  reentry  vehicle  applications  although  each  experiences  different 
operational  environments. 

Reliability  and  materials  availability  have  been  identified  as  the  pacing  problem 
areas  with  carbon-carbon  composite  technology  and  performance.  The  ONR-AFOSR 
effort  with  a rocket  nozzle  technology  focus  entails  fundamental  research  in  com- 
posite process  chemistry  and  modeling,  mechanical  behavior  and  reliability,  con- 
stitutive properties,  nozzle  structural  analysis  and  failure  criteria,  thermo- 
chemical properties  and  recession,  alternate  materials  and  non-des t rue t i ve 
evaluat ion. 

The  goal  of  the  Structural  Chemistry  task  will  be  to  establish  the  precursor  and 
processing  chemistry  data  base  for  carbon  fibers  and  carbon-carbon  composite 
materials. 

1 1 


Most  grades  of  fibrous  carbon  are  manufactured  from  the  continuous  filament  rayon 
precursor.  Because  of  the  declining  commercial  market  for  this  textile  product 
in  the  United  States,  continued  availability  is  no  longer  assured.  Basic  research 
in  support  of  the  evaluation  and  development  of  equivalent  replacement  materials 
will  be  initiated  to  preclude  future  shortages  or  production  delays.  The  chemistry 
of  the  stabilization  and  graph i t i zat ion  of  pitch,  polyacrylonitrile  and  other 
precursors  which  can  be  converted  into  carbon  fibers  will  be  investigated.  The 
chemistry  of  the  systems  as  the  fibers  are  processed  through  the  various  stages 
of  conversion,  mesophase  development,  how  changes  in  the  process  conditions  affect 
the  microstructure  and  how  the  microstructural  features  control  the  density, 
mechanical  properties  thermal  conductivity  and  other  thermophysical  properties 
of  the  fibers  will  be  established. 

Predictive  models  are  being  developed  to  relate  the  response  of  a carbon-carbon 
nozzle  or  nosetip  in  a given  environment  to  microstructure.  The  value  of  these 
models  contributing  to  material  improvement  is  limited  because  the  fundamental 
understanding  between  in-process  events  and  microstructure  is  lacking.  Micro- 
structure is  the  link  between  processing  and  performance  with  process  chemistry 
of  the  matrix  being  the  key  to  controlled  carbon  microstructural  development. 

Plans  include  the  investigation  of  the  polymerization,  mesophase  development, 
decomposition,  carbonization,  graph i t i zat ion , dens i f i cat  ion , microstructural 
development,  and  microstructure/thermophysical  property  relationships  in  the 
carbon-carbon  composites. 
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Air  Force  Research  in  Molecular  Dynamics 

Lt  Colone I J . T . Viola 

Air  Force  Research  in  Molecular  Dynamics:  A useful  definition  of  molecular 

dynamics  is  obtained  from  R.  D.  Levine  and  R.  B.  Bernstein,  Molecular  Reaction 
Dynamics ; "the  subject  of  molecular  dynamics  deals  with  the  study  of  the  mole- 
cular mechanism  of  elementary  physical  and  chemical  rate  processes.  It  is  con- 
cerned with  both  intramolecular  motions  and  i n termo 1 ecu  1 ar  collisions,  which 
together  constitute  the  underlying  'microscopic'  basis  of  all  bulk  rate  phenomena". 
Michael  Berry's  definitions  in  "Laser  Studies  of  Gas  Phase  Chemical  Reaction 
Dynamics"  in  Annual  Review  of  Physical  Chemistry,  26,  259  (1975)  is  also  a good 
working  definition. 

The  Air  Force  Office  of  Scientific  Research  (AFOSR)  has  helped  to  foster  growth 
in  this  area  of  science.  It  has  recogn i zed  the  need  for  the  enhancement  of 
understanding  in  this  field  and  has  sought  to  bring  it  to  bear  on  Air  Force 
problems . 

What  Air  Force  interests  can  be  served  by  increased  understanding  of  microscopic 
rate  processes?  To  answer  this  question  requires  an  understanding  of  the  mission 
of  the  Air  Force  to  help  defend  our  American  way  of  life.  It  accomplishes  this 
mission  by  maintaining  the  capability  to  defend  not  only  the  air  space  contiguous 
to  our  territories  and  possessions  but  also  that  of  other  states  who  look  to  us 
to  help  protect  their  interests.  Therefore,  the  Air  Force  must  have  a capability 
to  carry  out  operations  consistent  with  its  mission.  These  operations  naturally 
include  a capability  to  communicate  by  means  of  electromagnetic  signals  that  must 
propagate  through  a benign  or  disturbed  atmosphere;  it  must  be  capable  of  detect- 
ing and  discriminating  weapons  systems  through  analysis  of  emission  characteristics 
and  it  must  employ  the  most  sophisticated  and  advanced  weaponry  that  our  technology 
can  produce.  It  is  in  these  three  areas,  namely  atmospheric  processes  as  they 
affect  communications;  hostile  weapon  system  emissive  properties  and  electro- 
magnetic weaponry  that  the  study  of  molecular  dynamics  makes  its  greatest  and 
most  effective  contributions. 

Thus,  studies  of  physical  and  chemical  orocesses  that  occur  in  the  atmosphere , such 
as  ion-molecule  reactions,  photofragmentation,  etc.,  are  pursued  to  increase  our 
understanding  of  the  behavior  of  the  atmosphere  under  "normal"  conditions  which 
include  auroral  phenomena.  Studies  are  also  undertaken  to  determine  the  effects 
of  perturbations  on  the  atmosphere.  These  may  include  the  interactions  produced 
by  a nuclear  burst  or  a missile  plume  or  wake.  This  kind  of  information  is  needed 
to  increase  our  probability  of  keeping  "open"  our  communication  channels  as  well 
as  to  detect  and  discriminate  hostile  exhaust  emissions  in  an  ever  changing 
background  of  radiation.  Molecular  dynamics  also  provides  important  new  informa- 
tion that  is  useful  in  the  development  of  efficient,  high  energy,  chemically 
pumped  lasers.  The  familiar  gas  dynamic  laser  is  a "chemical"  laser  of  a 
certain  kind  in  that  the  CC^  lasing  molecules  are  pumped  by  vibrational  energy 
transfer.  We  consider  non-react i ve , but  inelastic  collisions  such  as  vibrational 
to  vibrational,  vibrational  to  electronic  (V-V,  V - E ) , etc.,  energy  transfer  as  an 
important  part  of  molecular  dynamics  so  lasers  pumped  in  this  fashion  come  within 
our  purview. 

We  are  most  interested  in  lasers  that  are  pumped  directly  by  the  energy  released 
from  an  exoergic  chemical  reaction  such  as  the  HF  or  DF  laser  produced  in  the 
chemical  reactions  of  fluorine  with  hydrogen  (deuterium);  and  in  processes  in 
which  energy  as  vibration  or  electronic,  initially  produced  by  exoergic  chemical 
reactions,  is  transferred  to  another  molecule  which  then  lases.  An  illustration 
of  the  latter  is  the  pumping  of  the  CO.  laser  by  energy  transfer  from  the  excited 
products  of  the  exoergic  chemical  reaction  of  magnesium  with  oxygen. 


The  main  thrust  of  research  in  this  area  is  toward  the  development  of  high  energy, 
efficient,  chemically  pumped  lasers  of  shorter  wavelength,  below  two  micrometers. 

We  know  that  laser  light  in  wavelengi.hs  toward  the  visible  region  of  the  spectrum 
propagate  more  efficiently  through  the  atmosphere.  In  addition,  the  energy  per 
photon  increases  with  frequency  of  the  photon  (E  = h*/);  s imp  I i s t ica I I y for  a 
given  weight  oftfuel  that  produces  say  one  photon  of  laser  light  per  chemical 
reaction,  more  qnergy  is  available  in  the  laser  beam  for  shorter  wavelength 
transitions.  The  achievement  of  a short  wavelength,  chemically  pumped, is 
seemingly  difficult  and  fraught  with  many  facts  of  nature  which  frustrate  our 
most  active  attempts.  Lasers  operating  in  the  visible  region  of  the  spectrum 
require  the  selective  excitation  of  an  electronically  excited  energy  level  whose 
radiative  lifetime  is  sufficiently  long  (10  -’seconds)  such  that  mixing  times 
for  the  reagents  are  not  rate  limiting.  This  is  a tall  order  and  one  that  has 
not  yet  been  achieved.  There  are  promising  candidate  molecules  such  as  SnO,  SiF, 
ScF,  YCI,  yet  much  work  is  yet  to  be  done  to  characterize  reaction  rates,  lifetimes, 
branching  ratios,  and  spectroscopy  of  these  molecules.  We  intend  to  pursue  these 
stud i es . 

An  important  development  that  became  effective  on  I July  1975  was  the  centraliza- 
tion of  all  Air  Force  basic  research  under  a single  manager  - the  Director  of 
AFOSR.  In  addition  to  grants  and  contracts  that  are  administered  by  AFOSR  in 
Washington,  D.C.,  there  is  an  in-house.  Air  Force  Laboratory  program  of  research. 

A goal  has  been  established  of  a 70  to  30  ratio  of  extramural  research  to  in-house 
research.  The  extramural  portion  can  be  administered  by  the  laboratories  as  well 
as  by  AFOSR  Washington.  An  important  result  of  this  reorgan i za t i on  is  a closer 
tie  of  the  "Washington"  research  program  to  Air  Force  needs.  Air  Force  labor- 
atories that  perform  research  in  areas  related  to  Molecular  Dunamics  include  the 
Air  Force  Geophysics  Lab  at  Hanscom  AFB,  Massachusetts,  the  Air  Force  Weapons  Lab, 
Kirtland  AFB,  New  Mexico,  and  the  AF  Rocket  Propulsion  Lab  at  Edwards  AFB, 
California.  Other  areas  of  research  in  chemistry  are  performed  at  these  and 
other  laboratories. 

The  wisdom  of  this  reorganization  is  evident  when  one  realizes  that  the  Air  Force 
Laboratories  provide  the  link  from  the  basic  research  to  the  development  of  the 
final  product.  The  chain  thus  runs  from  our  universities,  institutions  and 
industry  through  AFOSR  and  the  AF  laboratories  to  the  Air  Force  Product  Divisions 
and  finally  to  the  operational  commands. 


FY  75  CHEMISTRY  PROGRAM  STATISTICS 


(I  July  1 97^  to  30  June  1975) 

Number 


New  Work  Efforts  23 

Renewal  Efforts  56 

Completed  Efforts  41 

Number  of  Active  Efforts  (as  of  30  June  1975)  90 

FY75  Monies  Committed  S3.2I3K 

PROPOSAL  ACTION 

New  Proposals  Received  163 

New  Proposals  Declined  or  Withdrawn  1 40 

New  Proposals  Funded  in  FY75  23 


FY76  CHEMISTRY  PROGRAM  STATISTICS 
(1  July  1975  - 30  June  1976) 

Numbe  r 


New  Work  Efforts  32 

Renewal  Efforts  53 

Completed  Efforts  28 

Number  of  Active  Efforts  (as  of  30  June  1976)  84 

FY - 1976  Monies  Committed  S3.620K 

PROPOSAL  ACTION 

New  Proposals  Received  221 

New  Proposals  Declined  or  Withdrawn  185 

New  Proposals  Funded  in  FY76  36 


CHEMISTRY  ANNUAL  BUDGET  FOR  PAST  TEN  YEARS 


FY 

Expend i tures 
( t housands ) 

67 

$3,^80 

68 

3,329 

69 

3,338 

70 

3,169 

71 

3,205 

72 

3,210 

73 

2,512 

74 

3,080 

75 

3,213 

76 

3,620 

FY-75  total  includes  $570,4^9  from  Project  9750  for  Kinetics  and  Thermo- 
physical Properties  Research. 
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SYMPOSIA 


The  support  of  symposia  is  an  important  part  of  activities  by  the  Directorate  of 
Chemical  Sciences  to  publicize  and  stimulate  areas  of  interest  to  the  Air  Force. 
The  following  list  includes  symposia  sponsored  by  the  Directorate  during  FY75"76 

AFML/AFOSR  Workshop  on  the  Role  of  the  Polymer  Substrate 
Interphase  in  Structural  Adhesion. 

Dr.  L.  T.  Drzal 
Contract  F336I 5-76-M-5452 
University  of  Dayton 
Dayton,  Ohio 
9-10  September  1976 

AFOSR  Workshop  on  the  Effects  of  Relative  Humidity  and 
Elevated  Temperatures  on  Composite  Structures. 

Dr.  J.  R.  Vinson  and  Dr.  R.  B.  Pipes 

AFOSR-76-2966 

University  of  Delaware 

Newark,  Delaware 

30-31  March  1976 

(co-sponsored  with  AFOSR  Directorate  of  Aerospace  Sciences) 

Corrosion  Prevention  Workshop. 

Dr.  Michael  Hoch 
AF0SR-PD-76-0003 
University  of  Cincinnati 
C incinnat  i , Ohio 
17-18  September  1975 

Fourth  Conference  on  Chemical  and  Molecular  Lasers. 

Dr.  D.  P.  Ames 
AF0SR-74-2740 
Stouffer's  Riverfront  Inn 
St.  Louis,  Missouri 
21-23  October  1974 

International  Symposium  on  Macromolecules. 

Dr.  E.  Banks 
AFOSR-2829-75 

New  York  City  Community  College 
Brooklyn,  New  York 
2-3  May  1975 

Gordon  Conference  on  Electrochemistry. 

Dr.  M.  Brieter 
AFOSR- 75-280 1 

Maramar  Hotel,  Santa  Barbara,  California 
January  1975 
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SYMPOSIA  (continued) 


Gordon  Research  Conference  on  Glass. 

Or . S . M . Oh  I berg 
AfOSR- 76-30^8 
Plymouth  State  College 
Plymouth,  New  Hampshire 
2-6  August  1^76 

Gordon  Research  Conference  on  Inorganic  Chemistry. 

Dr . F . E . Br i nckman 
Ml  PR-0008- 75 

New  Hampton  School 

New  Hampton,  New  Hampshire 

A-8  August  1975 

Gordon  Conference  on  Electrochemistry. 

Dr.  R.  DeLevie 
AF0SR-MIRP-76-0014 

Maramar  Hotel,  Santa  Barbara,  California 
I 9—2 3 January  1976 

Second  Summer  Colloguium  on  Electronic  Transition  Lasers. 
Dr . J . I . S te i n fe I d 
AFOSR-2826 
Conference  Center 
Marine  Biology  Institute 
Woods  Hole,  Massachusetts 

17- ^9  September  1975 

Sixth  International  Liquid  Crystal  Conference. 

Dr.  A.  DeVries  and  Dr.  W.  E.  Bacon 

AFOSR-76-3016 

Kent  State  University 

Kent , Ohio 

23-27  August  1976 

Second  International  Summer  Institute  in  Surface  Science. 
Dr . Ro I f Vanse I ow 
M I PR- 75-00 1 1 

University  of  Wisconsin  - Milwaukee  Campus 
Milwaukee,  Wisconsin 

18- 22  August  1975 

Third  Summer  Colloquium  on  Electronic  Transition  Lasers. 
Dr . J . I . Ste i nfe I d 

Wildwood  Condominium  Conference  Center 
Snowmass- I n-Aspen , Colorado 
7*10  September  1976 

Symposium  on  Electrocatalysis  - Electrochemical  Society 

Dr.  M.  Breiter 
MIPR-7't-0003 

San  Francisco,  California 
12-17  May  1 97^ 
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Research  Efforts  (as  of  30  June  1975) 


ALPHABETICAL  BY  PRINCIPAL  INVESTIGATOR 


International  Symposium  on  Macromolecules 


Visible  Wavelength  Chemiluminescence 
Initiated  by  Carbon  Dioxide  Laser  Radiation 


Chemical  Laser  Studies  of  Chemical  Reaction 
Dynamics 


Molecular  Electronic  Photodissociation 
Laser  Studies 


1975  Gordon  Research  Conference  on 
Inorganic  Chemistry 


Spectroscopic  and  Kinetic  Studies  of  Gas 
Phase  Reactions 


Inelastic  and  Reactive  Collisions  of 
Translat ional ly  Excited  Molecules 


Electrochemistry  of  Hydrazine-Hydrazine 
Azide  Mixtures 


Solid  Electrode  Studies  Related  to 
Corrosion  Prevention,  Fuel  Cells,  and 
Batter ies 


Kinetics  of  Association-Dissociation 
Reactions  and  Energy  Transfer  in 
Diatomic  Molecules 


Energy  Transfer  and  Chemical  Reactions 
Important  in  Molecular  Lasers 


Ephraim  Banks 
Department  of  Chemistry 
Polytechnic  Institute  of  New  York 
Brooklyn,  New  York  11201 

Simon  11.  Bauer 
Department  of  Chemistry 
Cornell  University 
Ithaca,  New  York  14850 

Michael  J.  Berry 
Department  of  Chemistry 
University  of  Wisconsin 
Madison,  Wisconsin  53706 

Michael  J.  Berry 
Department  of  Chemistry 
University  of  Wisconsin 
Madison,  Wisconsin  53706 

F.  E.  Brinckman 
U.S.  Department  of  Commerce 
National  Bureau  of  Standards 
Washington,  DC  20234 

Herbert  P.  Broida 
Department  of  Physics 
University  of  California 
Santa  Barbara,  California  64110 

Philip  R.  Brooks 
Department  of  Chemistry 
Rice  University 
Houston,  Texas  77001 

Charles  T.  Brown 

United  Aircraft  Research  Laboratories 
United  Technologies  Corporation 
East  Hartford,  Connecticut  06108 

Stanley  Bruckenstein 
Department  of  Chemistry 
State  University  of  New  York 
Buffalo,  New  York  14214 

George  Burns 
Department  of  Chemistry 
University  of  Toronto 
Toronto,  CANADA  M5S  1A1 

George  Burns 
Department  of  Chemistry 
University  of  Toronto 
Toronto,  CANADA  MSS  1A1 
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Viscosity  Measurements  and  Lubricating 
Quality  of  Lubricants  with  Thickeners  at 
High  Temperatures 

Kinetics  Studies  Involving  Electronically- 
Excited  Interhalogens  and  Halogens 


Novel  Chemical  Laser  Systems 


Luminescent  Transition  Metal  Complexes 
in  Magnetic  and  Electric  Fields 


Energy  Migration  Involving  Irradiated 
Solids 


Chemical  Reactions  that  Produce  Electron- 
ically Excited  Metal  Atoms 


Development  of  Practical  MO  Techniques 
for  Prediction  of  the  Properties  and 
Behavior  of  Materials 


Evaluation  of  Chemical  Research  Relevant 
to  Current  and  Projected  U.S.  Air  Force 
Interests 


Semiconductor  Surface  Chemistry 


Rates  of  Rapid  Chemical  Reactions 


Molecular  Beam  Investigation  of  Energy 
Transfer  and  Chemical  Reactivity 


Alastair  Cameron 

College  of  Science  and  Technology 
Imperial  College 
London,  SW7,  ENGLAND 

M.  A.  A.  Clvne 
Department  of  Chemistry 
Queen  Mary  Col  lege 
London  El  iNS,  ENGLAND 

Terrill  A.  Cool 
Co  1 1 ege  o f Eng i nee ring 
Corne 11  University 
Ithaca,  New  York  14830 

Glenn  A.  Crosby 
Department  of  Chemistry 
Washington  State  University 
Pullman,  Washington  99163 

J.  Cunningham 
University  College  of  Cork 
Cork,  IRELAND 

Paul  Davidovits 
Department  of  Chemistry 
Boston  College 

Chestnut  Hill,  Massachusetts  02167 

Michael  J.  S.  Dewar 
Department  of  Chemistry 
University  of  Texas 
Austin,  Texas  78712 

Joseph  E.  Earley 
Department  of  Chemistry 
Georgetown  University 
Washington,  DC  20037 

Gert  Ehrlich 

Coordinated  Science  Laboratory 
University  of  Illinois 
Urbana , Illinois  61801 

Edward  M.  Eyring 
Department  of  Chemistry 
University  of  Utah 
Salt  Lake  City,  Utah  84112 

John  B.  Fenn 

Department  of  Engineering 
and  Applied  Science 
Yale  University 
New  Haven,  Connecticut  06520 
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The  Structure  and  Properties  of  Polymeric  Paul  J.  Tlory 


Matei  ills 


Theoretical  and  Computational  Studies 
Electronic  Transitions  in  Molecular 
Co l l is  ions 


Department  of  Chemistry 
Stanford  University 
Stanford,  California  94105 

of  Thomas  P.  George 

Department  of  Chemistry 
University  of  Rochester 
Rochester,  New  York  14627 


Ionization  Processes  Relevant  to  the 
Formation  of  New  Materials 


Absolute  Rate  Constants  for  Combustion 
Reactions  Involving  Free  Radicals 


Plastic  Crystals  as  Model  Substances  for 
Classes 


Synthesis  and  Polymerization  of  Fluoro- 
bicyc lobutanes  to  Chemically,  Thermally 
and  Dimensionally  Stable  Polymers 


Photoluminescence  Spectroscopy  of  Diatomic 
Metal  Oxides  and  Halides 


Investigation  of  the  Synthesis  and  the 
Related  Microstructures  and  Properties 
of  Alloy  Systems 


Mechanisms  of  Singlet  Oxygen  Generation 
by  Chemical  Reaction 


High-Pressure  Nuclear  Magnetic  Resonance 
Relaxation  Study  of  Supercritical  Dense 
Fluids 


Effect  of  Structure  on  the  Physical 
Properties  of  Polymers 


Computer  Modeling  of  Pulsed  Chemical 
Lasers 


Harlan  L.  Goering 
Department  of  Chemistry 
University  of  Wisconsin 
Madison,  Wisconsin  51706 

D.  M.  Golden  6 S.  W.  Benson 
Stanford  Research  Institute 
Menlo  Park,  California  94025 

Martin  Goldstein 

Belfer  Graduate  School  of  Sc  ience 

Yeshiva  University 

New  York,  New  York  10033 

H.  K.  Hall,  dr. 

Department  of  Chemistry 
University  of  Arizona 
Tucson,  Arizona  85721 

David  0.  Harris 
Department  of  Chemistry 
University  of  California 
Santa  Barbara,  California  93106 

Michael  Hoch 

Metallurgy  and  Material  Sciences 
University  of  Cincinnati 
Cincinnati,  Ohio  45221 

James  K.  Hurst 
Department  of  Chemistry 
Oregon  Graduate  Center 
Beaverton,  Oregon  97005 

Jiri  Jonas 

Department  of  Chemistry 
University  of  Illinois 
Urbana,  Illinois  61801 

Frank  E.  Karasz 

Polymer  Science  and  Engineering 
University  of  Massachusetts 
Amherst,  Massachusetts  01002 

Ronald  L.  Kerber 
Department  of  Mechanical 
Engineering 

Michigan  State  University 
East  Lansing,  Michigan  48824 
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Novel  Organophosphorus  and  Organon i trogen 
Derivatives  and  Their  Use  for  the 
Synthesis  of  Unusual  Transition  Metal 
Complexes 

Theories  of  Energy  Disposal  in  Chemical 
React  ions 


Synthesis  of  Organof luorine  Compounds 
by  Direct  Fluorination 


Infrared  Spectra  of  Fluid  Films  Under 
Conditions  of  Incipient  Bearing  Failure 


Energy  and  Chemical  Change 


Structure  and  Properties  of  Glasses 


Structure  and  Properties  of  Glasses 


Molecular  Basis  for  Liquid  Crystal 
Field  Effects 


Studies  of  Laser-Induced  Photochemical 
Kinetics 


Lasing  from  the  Combustion  of  Unusual 
and  Labile  Species 


The  Reactivity  and  Structure  of  Solid 
Surfaces 


R.  Bruce  King 
Department  of  Chemistry 
University  of  Georgia 
Athens,  Georgia  10601 

Aron  Kuppermann 
Division  of  Chemistry  and 
Chemical  Engineering 
California  Institute  of  Techir  l",-v 
Pasadena,  California  41109 

Richard  I.agow 
Department  of  Chemistry 
Massachusetts  Institute  of  Tei  linnl'V. 
Cambridge,  Massachusetts  02119 

lames  L.  Latter 
Applied  Research  Department 
Sun  Oil  Company 
P.0.  Box  1135 

Marcus  Hook,  Pennsylvania  19061 

R.  D.  Levine  and  R.  Bernstein 
Department  of  Chemistry 
University  of  Texas 
Austin,  Texas  78712 

Pedro  B.  Macedo  & T.  A.  Litovitz 
Department  of  Physics 
Catholic  University  of  America 
Washington,  DC  20017 

John  D.  Mackenzie 
Department  of  Chemist r- 
University  of  California 
Los  Angeles,  California  90024 

J.  David  Margerum 
Photochemistry  Section 
Hughes  Research  Laboratories 
Malibu,  California  90265 

R.  A.  Me  Far lane 

School  of  Electrical  Engineering 
Cornell  University 
Ithaca,  New  York  14850 

Henry  A.  McGee,  !r. 

Department  of  Chemical  Engineering 
Virginia  Polytechnic  Institute 
Blacksburg,  Virginia  26061 

Robert  P.  Merrill 

Department  of  Chemical  Engineering 
University  of  California 
Berkeley,  California  94720 
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Calculation  of  Potential  Energy  Surfaces  & 
Collision  Cross  Sections 


Electrochemical  Studies  in  Aluminum 
Chloride  Melts 


Chemical  Lasers,  Ultrarapid  Scan  Infrared 
Studies  & Laser-Induced  Kinetic 
Processes 


Experimental  and  Theoretical  Studies  in 
Photochemistry 


High  Energy  Chemical  Reactivity 


Molecular  Beam  Studies  of  Ionization 
Processes 


Highly  Halogenated  Organic  and  Organo- 
metallic  Materials  and  Strained  Ring 
Organometa 1 1 ics 


Molecular  Energy  Transfer  by  Collisional 
Processes  Characteristic  of  Gas  Lasers 


Reactive  Atomic  Species  Generated  at 
High  Temperatures  and  Their  Low 
Temperature  Reactions  to  Form  Novel 
Substances 

Photochemical  Addition  of  Benzene  to 
Cnsaturated  Materials 


Molecular  Behavior  Studies  of  Glassy 
Polymers  Under  Stress 


Formation  and  Deactivation  Processes  in 
Electronic  Transition,  Chemically 
Pumped  Lasers 


Harvey  H.  Michels 

United  Aircraft  Research  Laboratories 
United  Technologies  Corporation 
East  Hartford,  Connecticut  06108 

Robert  A.  Osteryoung 
Department  of  Chemistry 
Colorado  State  University 
Fort  Collins,  Colorado  80521 

George  C.  Pimentel 
Department  of  Chemistry 
University  of  California 
Berkeley,  California  94720 

Stuart  A.  Rice 
Department  of  Chemistry 
University  of  Chicago 
Chicago,  Illinois  60637 

John  W.  Root 
Department  of  Chemistry 
University  of  California 
Davis,  California  95616 

Erhard  W.  Rothe 

Department  of  Chemical  Engineering 
Wayne  State  University 
Detroit,  Michigan  48202 

Dietmar  Sevferth 
Department  of  Chemistry 
Massachusetts  Institute  of  Technology 
Cambridge,  Massachusetts  02139 

Hyung  Kvu  Shin 
Department  of  Chemistry 
University  of  Nevada 
Reno,  Nevada  89507 

P.  S.  Skell 

Department  of  Chemistry 
Pennsylvania  State  University 
University  Park,  Pennsylvania  16802 

R i ngnswamy  Sr  in i vasan 
IBM  Corporation 
T.  J,  Watson  Research  Center 
Yorktown  Heights,  New  York  10598 

W . 0 . S t a 1 1 on 

College  of  Engineering 

University  of  Utah 

Salt  Lake  City,  Utah  84112 

J . I . Steinfeld  & J . L . Go  1 e 
Department  of  Chemistry 
Massachusetts  Institute  of  Technology 
Cambridge,  Massachusetts  021  19 
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2nd  Summer  Colloquium  on  Electronic 
Transition  Lasers 


Transition  Metal  Compounds  with  Potential 
Electronic  and  Radiation  Resistant 
Propert ies 


Collisional  Excitation  of  Radiative 
Vibrational  Modes  in  Some  Simple 
Polyatomic  Molecules 


Chemical  Kinetics  of  Some  Elementary 
Reactions  of  Oxygen  Atoms 


Structural  and  Dynamic  Studies  of 
Materials  Possessing  High  Energy 
Content 


The  Second  International  Summer  Institute 
in  Surface  Science 


Applied  Quantum  Chemistry  of  Nonmetallic 
Mater  ials 


Unsaturated  Organosi 1 icon  Heterocycles 


Structure  and  Properties  of  High 
Temperature  Materials 


Chemical  Reactions  and  Properties  of 
Organosi 1 icon  Compounds  Related  to 
New  Materials 


J.  I.  Steinfeld  & J.  L.  Gole 
Department  of  Chemistry 
Massachusetts  Institute  of  Technology 
Cambridge,  Massachusetts  02139 

F.  G.  A.  Stone 
Department  of  Chemistry 
University  of  Bristol 
Bristol,  ENGLAND 

R.  B.  Subbarao  & J.  B.  Fenn 
Department  of  Engineering  Sciences 
Yale  University 

New  Haven,  Connecticut  06520  i 

R.  B.  Timmons 
Department  of  Chemistry 
Catholic  University  of  America 
Washington,  DC  20017 

Nicholas  J.  Turro 
Department  of  Chemistry 
Columbia  University 
New  York,  New  York  10027 

Ralf  Vanselow 
Department  of  Chemistry 
University  of  Wisconsin 
Milwaukee,  Wisconsin  53201 

John  R.  Van  Wazer 
Department  of  Chemistry 
Vanderbilt  University 
Nashville,  Tennessee  37203 

W.  P.  Weber 

Department  of  Chemistry 
University  of  Southern  California 
Los  Angeles,  California  90007 

William  Weltner,  Jr. 

Department  of  Chemistry 
University  of  Florida 
Gainesville,  Florida  32611 

Robert  C.  West 
Department  of  Chemistry 
University  of  Wisconsin 
Madison,  Wisconsin  53706 


Studies  of  Rotationally  Cooled  Molecules 
in  Molecular  Beams  by  Laser  Spectroscopic 
Technique 


L.  Wharton 

Department  of  Chemistry 
University  of  Chicago 
Chicago,  Illinois  60637 
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Energies  and  Conformations  of  Molecules 


Electrode  Mechanisms  Using  Reflection 
and  Electron  Spectroscopy 


Internal  State  Identification  of  Reaction 
Produc t s 


Kenneth  Wiberg 

Department  of  Chemistry 

Yale  University 

New  Haven,  Connecticut  06520 

Nicholas  Winograd 
Department  of  Chemistry 
Purdue  Research  Foundation 
Lafayette,  Indiana  4 7907 

R.  N.  Zare 

Department  of  Chemistry 
Columbia  University 
New  York,  New  York  10027 
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Research  Efforts  Completed  in  FY75 

(Alphabetical  by  Principal  Investigator) 


Adsorption  on  Molecular  Solids 


Fourth  Conference  on  Chemical  and 
Molecular  Lasers 


Combustion  Analysis  and  Chemistry  of 
Flames 


Microwave  Spectroscopy  of  Boron  Compounds 
Related  to  High  Temperature  Polymers 


Reactions  and  Electrochemical  Kinetics 
of  Newlv  Generated  Metal  Surfaces 


The  Chemistry  of  Photographic  Systems 
and  Reactions 


Stabilized  Detonation  on  Wave  Chemical 
Laser  Systems 


Spectroscopic  Studies  of  Energy  Exchange 
Processes 


Prediction  of  Properties  and  Behavior 
o f Ma  t e r i a 1 s 


Reactivity  Patterns  Characteristic  of 
Lighter  Metallic  Elements  (Titanium) 


Arthur  W.  Adamson 
Department  of  Chemistry 
University  of  Southern  California 
Los  Angeles,  California  90007 

1) . P.  Ames 

Conference  on  Chemical  and  Molecular 
Lasers,  Inc. 

c/o  McDonnel 1 -Douglas  Corporation 
P.O.  Box  516 

St.  Louis,  Missouri  63166 

Kyle  D.  Bayes 
Department  of  Chemistry 
University  of  California 
Los  Angeles,  California  90024 

Robert  A.  Beaudet 
Department  of  Chemistry 
University  of  Southern  California 
Los  Angeles,  California  90007 

T.  R.  Beck 

Flow  Research,  Inc. 

1819  S.  Central  Ave. 

Suite  72 

Kent,  Washington  98031 

George  R.  Bird 
Department  of  Chemistry 
Rutgers  University 
New  Brunswick,  New  Jersey  08903 

J.  R.  Bowen 

Department  of  Chemical  Engineering 
University  of  Wisconsin 
Madison,  Wisconsin  53706 

H.  P.  Broida 
Department  of  Physics 
University  of  California 
Santa  Barbara,  California  93106 

Michael  J.  S.  Dewar 
Department  of  Chemistry 
University  of  Texas 
Austin,  Texas  78712 

Joseph  E.  Earley 
Department  of  Chemistry 
Georgetown  University 
Washington,  DC  20007 
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Chemical  Reactions  Induced  by  Ultraviolet 
and  Ionizing  Radiation 


Electronically  Excited  Metal  Atoms 
Produced  by  Chemical  Reactions 


Non-Stoichiometric  Oxides:  Structure, 

Texture,  Thermodynamics  and  Magnetic 
Proper t ies 

The  Solid-State  Properties  of  Transition 
Metal  Complexes 


Collisional  Energy  Transfer  and  Other 
Topics  Related  to  Gas  Laser  Mechanisms 


Transition  Metal  and  Lanthanide  Compounds 


Inorganic  Photoelectron  Spectroscopy, 
Mass  Spectrometry,  and  Thermochemistry 
Related  to  Fuels  and  Polymers 


Chemical  Kinetics  of  Selected  Fluorine 
Reac  t ions 


Structure  and  Properties  of  Glasses 


Fast  Kinetic  Methods  Applicable  to  Trace 
Chemical  Analysis  and  Detection 


George  S.  Hammond 
Department  of  Chemistry 
California  Institute  of  Technology 
Pasadena,  California  91109 
and 

University  of  California  (Santa  Cruz) 
Santa  Cruz,  California  95060 

J . L.  Hi rschf ield 
Department  of  Engineering  and 
Applied  Science 
Yale  University 
New  Haven,  Connecticut  06520 

Bruce  G.  Hyde  and  B.  N.  Figgis 
Department  of  Chemistry 
University  of  Western  Australia 
Ned land , WESTERN  AUSTRALIA  6009 

Leonard  V.  Inter rante 
Physical  Chemistry  Laboratory 
General  Electric  Company 
Research  & Development  Center 
Schenectady,  New  York  12301 

Ali  Javan 

Department  of  Physics 

Massachusetts  Institute  of  Technology 
Cambridge,  Massachusetts  02139 

R.  B.  King 

Department  of  Chemistry 
University  of  Georgia 
Athens,  Georgia  30602 

M.  F.  Lappert  & J.  B.  Pedley 
Department  of  Chemistry 
University  of  Sussex 
Brighton  BN1  9QJ 
Sussex,  ENGLAND 

J . B . Levy 

Department  of  Chemistry 

The  George  Washington  University 

Washington,  DC  20052 

John  1).  Mackenzie 
Department  of  Chemistry 
University  of  California 
Los  Angeles,  California  90024 

Dale  W.  Marge rum  4 Harry  L.  Purdue 
Department  of  Chemistry 
Purdue  University 
West  L.ituvett  •,  Indiana  47907 
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Quantum  Theoretical  Studies  of  Gas-Solid 
Interact  ions 

R.  P.  Messmer 

Physical  Chemistry  Laboratory 
General  Electric  Company 
Research  & Development  Center 
Schenectady,  New  York  12301 

Influence  of  Collision  Cross-Sections  for 
electrons,  Atoms-and  Molecular  Systems 

Harvey  H.  Michels 

United  Technologies  Research  Center 
East  Hartford,  Connecticut  06108 

Calculations  of  Electronic  Wave  Functions 

Harvey  H.  Michels 

United  Technologies  Research  Center 
East  Hartford,  Connecticut  06108 

Electronic  and  Magnetic  Properties  of 
High  Temperature  Electrolytes 

Norman  H.  Nachtrieb 
Department  of  Chemistry 
The  University  of  Chicago 
5801  Ellis  Ave 
Chicago,  Illinois  60637 

Synthesis  and  Properties  of  Rotaxane 
Compounds 

Melvin  S.  Newman 
Department  of  Chemistry 
Ohio  State  University 
Research  Foundation 
Columbus,  Ohio  43212 

Electrochemical  Studies  in  Aluminum 
Chloride  Melts 

Robert  A.  Osteryoung 
Department  of  Chemistry 
Colorado  State  University 
Fort  Collins,  Colorado  80523 

Gas  Phase  Reactions  of  Atoms,  Ions  and 
Simple  Molecules  Related  to  Upper 
Atmosphere  Chemistry 

Leon  F'.  Phillips 
Chemistry  Department 
University  of  Canterbury 
Christchurch,  NEW  ZEALAND 

• Properties  of  Selected  Chemical  Compounds 

for  Preparation  of  New  Materials 

Michael  T.  Pope 
Department  of  Chemistry 
Georgetown  University 
Washington,  DC.  20007 

Molecular  Beam  Methods  of  Evaluating 

High  Energy  Sources  for  Advanced  Propulsion 

Systems 

E.  W.  Rothe 

Research  Institute  for 
Engineering  Sciences 
College  of  Engineering 
Wayne  State  University 
Detroit,  Michigan  48202 

Energy  Transfer  Processes  in  Gas  Laser 
Materials 

I).  J.  Seery 

United  Technologies  Research  Center 
East  Hartford,  Connecticut  06108 

Properties  and  Reactions  of  Atomic 
Species  Generated  at  High  Temperatures 

P.  S.  Skell 

Department  of  Chemistry 
Pennsylvania  State  University 
University  Park,  Pennsylvania  16802 
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Molecular  Processes  Controlling  Energy 
T rans  fe  r 


Absorption  and  Collisional  Redistribution 
of  Molecular  Energy  Revealed  by  Double 
Resonance  Spectroscopy/Molecular  Deacti- 
vation Processes  in  Visible  Chemical  Laser 
Systems 

Solute-Solvent  Interactions  and  Preferential 
Solvation:  An  NMR  Study 


New  Perf I uoropol ymer-Formi ng  Reactions 


Organo I an t han i des  and  Organoact i n i des 
Related  to  Catalysis 


Structure  and  Properties  of  High  Temper- 
ature Species  Related  to  Ablative 
Re-Entry  and  Solid  Propellants 

Analysis  of  the  Collisional  Redistri- 
bution of  Molecular  Energy  in  Gases 


E . W . Sch I ag 

Institute  for  Physical  Chemistry 
Technical  University,  Munich 
Munich,  Germany 

J.  I.  Steinfeld 
Department  of  Chemistry 
Massachusetts  Institute  of  Technology 
Cambridge,  Massachuset ts  02139 

Thomas  R.  Stengle 
Department  of  Chemistry 
University  of  Massachusetts 
Amherst,  Massachusetts  01002 

Madeleine  S.  Toy 

Stanford  Research  Institute 

Menlo  Park,  California  9^025 

Minoru  Tsutsui 
Department  of  Chemistry 
Texas  A & M University 
College  Station,  Texas  778A3 

Willi  am  We  I t ne  r , Jr. 

Department  of  Chemistry 
University  of  Florida 
Gainesville,  Florida  32611 

Lennard  Wharton 
James  Franck  Institute  and 
Department  of  Chemistry 
University  of  Chicago 
Chicago,  Illinois  60637 
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Completed  Project  Summaries 


COMPLETED  PROJECT  SUMMARY 


1.  TITLE:  Absorption  on  Molecular  Solids 

2.  PRINCIPAL  INVESTIGATOR:  Professor  A.  W.  Adamson 

Department  of  Chemistry 
University  of  Southern  California 
Los  Angeles,  California  90007 

3.  INCLUSIVE  DATES:  I January  1971  - 31  August  1 97^ 

k.  GRANT  NUMBER:  AE0SR-7I -2029 


5.  COST  AND  FY  SOURCE:  $^2,000  FY71 ; $21,000  FY73 


6. 

SENIOR 

RESEARCH 

PERSONNEL: 

M. 

T ad  ros 

S. 

Levine 

L. 

Dormant 

7- 

JUNIOR 

RESEARCH 

PERSONNEL: 

B. 

Jones 

J . 

Tse 

F. 

Shirley 

M. 

Bever  1 y 

P. 

Hu 

S. 

Cut  r i 

8.  PUBLICATIONS: 


"Physical  Adsorption  of  Vapors  on  Ice.  IV.  Carbon  Dioxide",  A.  W.  Adamson  and 
B.  R.  Jones,  J.  Colloid  and  Interface  Sc i , 3 7 . 831  (1971). 

"Application  of  the  BET  Equation  to  Heterogeneous  Surfaces",  L.  M.  Dormat  and 
A.  W.  Adamson,  J.  Colloid  and  Interface  Science,  38 , 285  ('972). 

"Potential  Distortion  Model  for  Contact  Angle  and  Spreading  II.  Temperature 
Dependent  Effects",  A.  W.  Adamson,  J.  Colloid  and  Interface  Sc i ■ , A4 , 273  (1973) ■ 

"Adsorption  and  Contact  Angle  Studies  I.  Water  on  Smooth  Carbon,  Linear  Poly- 
ethylene, and  Stearic  Acid-Coated  Copper",  M.  E.  Tadros,  P.  Hu,  and  A.  W.  Adamson, 
J.  Colloid  and  Interface  Sc  i . , ^9 , 1 8A  (197M- 

9.  ABSTRACT  OF  ACCOMPLISHMENTS  AND  OBJECTIVES: 

This  research  was  oriented  towards  the  characterization  of  the  interface  between 
a molecular  solid  and  a liquid  or  vapor  phase.  Emphasis  was  on  interface  structure 
and  structural  changes  accompanying  absorption.  The  studies  included  vapor 
absorption  on  ice,  liquid  interface,  and  absorption  at  the  interface  between  a 
molecular  solid  and  solution.  Measurements  were  made  of  absorption  layer  thick- 
ness, contact  angles,  heats  of  absorption,  and  entropy  of  absorption.  The  goal 
was  to  substantiate  a genera  I i zat ion  for  interfacial  behavior,  thereby  permitting 
the  prediction  of  surface  ..ha rac t er i s t i cs  and  restrictions. 

In  the  contact  angles  on  molecular  solid  study  the  interest  was  on  the  wettinq 
behavior  of  various  liquids  with  respect  to  ice,  including  temperature  dependence. 

A concept  was  derived  of  an  A and  B class  system,  the  distinction  being  the 
degree  of  restructuring  of  the  ice  that  occurs  on  contact  with  the  liquid  phase. 
Class  A systems,  with  little  restructuring,  should  exhibit  weaker  adhesion  and 
thus  are  of  interest  in  de-icing  problems. 

In  the  physical  adsorption  area,  results  show  that  above  - 350"C  ice  surface  is 
restructured  by  hydrocarbon  adsorbents,  but  below  this  temperature  the  surface 
is  rigid. 
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A model  was  developed  which  allows  calculation  of  contact  anqle  and  wetting 
behavior  from  adsorption  isotherms  alone.  The  model  unifies  what  has  been 
two  separate  fields. 

An  e 1 I i psomet r i c method  was  used  to  measure  water  vapor  on  polyethylene  and 
various  pyrolitic  carbon  surfaces.  The  data  of  adsorption  and  contact  angle 
of  liquid  water  on  the  same  surface  were  related  by  means  of  the  adsorption 
mode  I . 

AFOSR  Program  Manager:  Denton  W.  Elliott 
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COMPLETED  PROJECT  SUMMARY 


1.  TITLE:  Fourth  Conference  on  Chemical  and  Molecular  Lasers 

2.  PRINCIPAL  INVESTIGATOR:  Dr.  D.  P.  Ames 

Conference  on  Chemical  and  Molecular 
Lasers,  Inc. 

c/o  McDonne 1 1-Doug las  Corporation 
P.0.  Box  516 

St.  Louis,  Missouri  63166 

3.  INCLUSIVE  DATES:  1 June  1974  to  31  May  1975 

4.  GRANT  NUMBER:  AFOSR-7 4 -2 7 4 0 

5.  COST  AND  FY  SOURCE:  $5,000  FY  74 

6.  RESEARCH  PERSONNEL:  Dr.  D.  P.  Ames 

7.  PUBLICATIONS: 

Seven  publications  in  J.  Quantum  Electronics  QE-11,  641-723  (1975). 

8.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 

The  purpose  of  the  Conference  were  to  bring  people  together  active 
in  research  in  chemical  and  molecular  lasers,  to  present  recent 
research  results  and  to  encourage  the  exchange  of  ideas  and 
discussions  of  the  state  of  the  art.  Topics  included  results  on 
laser  reactions,  search  for  new  chemical  laser  reactions,  refinement 
of  the  theory  and  modeling  of  the  systems,  collisional  relaxation 
phenomena,  initiation  techniques,  electron  beam  pumped  lasers,  and 
laser  controlled  chemistry. 

The  Fourth  Conference  on  Chemical  and  Molecular  Lasers  was  held 
21-23  October  1974  at  Stouffer’s  Riverfront  Inn,  200  South  Fourth 
Street,  St.  Louis,  Missouri  63102.  Two  hundred  forty  people 
registered  at  this  conference.  In  addition  to  the  86  papers 
abstracted  in  the  Digest,  20  postdeadline  papers  were  included  in 
two  sessions.  Professor  Melvin  B.  Gottlieb  presented  the  Banquet 
address  to  104  Conference  participants. 

Eight  full-length  papers  were  submitted  for  publication  in  the 
special  issue  of  Journal  of  Quantum  Electronics.  Seven  papers  were 
passed  by  referees  sanctioned  by  the  journal  editor  and  were 
published  along  with  the  Digest  of  Technical  Papers  (includes 
abstracts  of  the  postdeadline  papers)  in  J.  Quantum  Electronics 
QE-11  , 64  1 -72  1 ( 1975)  . 
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J.  Chem.  Phys.  59  , 4836  (1973)  . 
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"Gas  Phase  Ozone-Olefin  Reactions:  Part  I Low  Pressure  Chemilumin- 

escence and  Kinetics"  by  B.  J.  Finlayson,  J.  N.  Pitts,  Jr.  and  R. 
Atkinson,  J.  Am.  Chem.  Soc . 91,  7592  (1973).  This  work  was  done  by 
the  University  of  California,  Riverside  group  using  the  UCLA  photo- 
ionization  mass  spectrometer;  an  acknowledgement  to  AFOSR  is  given 
at  the  end  of  the  paper. 

"Ident i fixation  of  the  Primary  Chemi-ion  in  Hydrocarbon  Oxidations," 

M.  P.  Gardner,  C.  Vinckier  and  K.  D.  Bayes,  submitted  to  Chem.  Phys . 
Ltrs  . 

"The  Oxidation  of  Methyl  Radicals,"  N.  Washida  and  K.  D.  Bayes, 
manuscript  in  preparation. 

"The  Oxidation  of  Isobutane  and  the  Tertiary  Butyl  Radical," 

N.  Washida  and  K.  D.  Bayes,  manuscript  in  preparation. 

"The  oxidation  of  Acetaldehyde  and  the  Acetyl  Radical,"  N.  Washi  da 
and  K.  D.  Bayes,  manuscript  in  preparation. 

"The  oxidation  of  Propane  and  the  Propyl  Radical,"  N.  Washida, 
manuscript  in  preparation. 

9.  ABSTRACT  OF  OBJF.CTTVES  AND  ACCOMPLISHMENTS: 

An  imp  rt ant  new  analytical  instrument,  the  photoionization  mass 
p<  : 1 1 meter,  has  been  c<  instructed , tested,  and  used  to  investigate 
tho  r.o  md  mechanisms  of  several  gas  phase  reactions.  Photo- 
l mization  makes  it  possible  to  very  selectively  ionize  free  radicals, 
electronically  excited  molecules,  or  other  species  having  low  ioni- 
zation potentials.  For  the  first  time  it  has  been  possible  to 
observe  a great  variety  of  hydrocarbon  free  radicals  at  their  steady 
state  concentrations  in  low  pressure  flames.  Two  new  free  radicals 
nave  been  discovered  (C3II3,  IIC2O)  and  several  free  radicals,  known 
previously  only  by  spectroscopic  observations , have  been  studied 
kinetically.  The  reaction  between  oxygen  atoms  and  acetylene  has 
been  studied  extensively;  it  has  been  shown  that  there  are  three 
competing  channels  in  the  initial  reaction,  rather  than  only  one  as 
thought  previously.  The  direct  observation  of  free  radicals  has 
led  to  a new  technique  of  measuring  very  fast  rate  constants,  the 
approach  to  steady  state  method . Using  this  technique,  five  new 
rate  constants  have  boon  measured  for  reactions  that  OCCUI  on  almost 
every  collision.  The  ro^^tion  of  several  hydrocarbon  free  radicals 
with  molecular  oxygen  has  been  explored.  The  reaction  of  methyl 
radicals  with  O2 , which  is  an  important  reaction  in  the  stratosphere, 
as  well  as  in  ordinary  combustion,  has  been  shown  to  involve  both 
two-body  and  three-body  mechanisms,  and  the  two  rate  constants  show 
different  temperature  dependences. 

It  has  been  proven  that  C110+  is  the  primary  chemi-ion  formed  in 
hydrocarbon  flames.  By  using  a special  reactor  and  applying  a radical 
electric  field,  it  was  possible  to  extract  the  primary  chemi-ion 
before  ion-molecule  reactions  concealed  its  identity.  The  rate 
constants  for  several  ion-molecule  reactions  are  being  measured  using 
this  same  reactor. 

The  absorption  of  light  by  NO-,  is  an  important  process  both  in  tho 
stratosphere  and  in  polluted  urban  air.  The  quantum  yield  for 
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borane",  E.  A.  Cohen,  I norg . Chem .12,  1570  (1973). 

"Determining  of  Molecular  Structure  of  C 82 by  Microwave  Spectroscopy",  J.  P. 
Pasinski,  J . Chem.  Soc . , 928  (1973) • 

"Microwave  Spectrum,  Structure,  and  Dipole  Moment  of  2 , 3 , , 5'Te t racarbahexaborane 
(6)"  J.  P.  Pasinski,  J . Chem.  Phys.  61  , 683  (I97M. 

"Microwave  Spectrum,  Structure  and  Dipole  Moment  of  Am i nod i borane" , K.  K.  Lau  and 
A.  B.  Burg,  Inorg.  -hem.  13,  2787  (I97M. 

"Skeletal  Molecular  Structure  of  Monocarbahexaborane  (7)  from  Microwave  Spectral 
Studies",  G.  L.  McKown,  B.  P.  Don,  P.  J.  Vergamini  and  L.  H.  Jones,  Chem.  Comm., 
765  (1971*). 

"Skeletal  Molecular  Structure  of  Monocarbahexaborane  (7)  from  Microwave  Spectral 
Studies",  G.  L.  McKown,  B.  P.  Don,  P.  J.  Vergamini  and  L.  H.  Jones,  J ■ Chem.  Soc ■ 
Chem.  Cominun . 19,  765*6  (Eng)  (197^). 

"Microwave  Spectrum,  Structure  and  Dipole  Moment  of  I , 7'D i carbac I osoc tabo rane (8 ) , 
^2®6H8"’  *-au  anc^  N-  H.  Rogers,  manuscript  in  preparation. 

9.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 

The  prime  objective  of  this  effort  was  to  determine  the  geometries,  accurate 
structures  and  related  molecular  properties  and  motions  of  carboranes  and 
related  compounds.  The  reasons  for  the  studies  were  to  understand  the  bonding 
which  occurs  in  these  interesting  systems,  understand  the  sites  of  reactivity 
and  the  reaction  paths,  and  predict  new  families  of  compounds  which  should  be 
stable  and  possibly  indicate  routes  to  their  preparation. 
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The  first  efforts  were  devoted  to  the  determination  of  the  structures  of 
closed  polyhedrals.  These  studies  were  responsible  for  the  determination 
and  confirmation  that  small  carboranes  with  the  empirical  formula  C2B  H^+2 
all  had  closed  polyhedral  structures.  In  some  instances  the  symmetries 
and  the  relative  orientations  of  the  atoms  within  the  structure  were  known, 
while  in  others  they  were  determined  from  this  work.  From  the  comparison 
of  the  NMR  structures  of  known  systems  which  this  group  studied,  it  has  now 
been  possible  to  determine  the  locations  of  boron  atoms  in  new  systems  by 
comparing  the  known  chemical  shifts  for  given  environments  to  those  in  the 
new  unknown  compounds. 

The  rotational  spectrum  of  the  boron  isotopic  species  were  all  studied.  The 
information  was  sufficient  to  confirm  that  the  structure  was  a pentagonal 
bipyramid  and  to  determine  that  the  two  carbons  were  in  equatorial  positions 
separated  by  one  boron  atom.  Later  the  £3  enriched  isotopes  were  prepared  by 
Professor  Thomas  Onak  and  Professor  Jack  Spielman  at  California  State  in  Los 
Angeles.  When  the  spectra  of  these  isotopes  were  obtained,  a complete  skeletal 
structure  was  determined  and  subsequently  published. 

This  work  vividly  illustrated  that  rotational  spectroscopy  could  be  used  for 
the  determination  of  the  molecular  structures  of  large  volatile  molecules. 

The  structure  of  a new  kind  of  compound  was  determined.  From  bond  distances 
which  were  determined  for  the  compound,  it  was  inferred  that  carbon  was  bonded 
to  five  atoms  and  hence  behaved  in  a "none  1 ass i ca 1 " manner. 

The  spectra  of  1 , 2 d i carbahexaborane  were  determined.  There  are  two  stable 
geometric  isomers  of  this  compound.  The  asymmetric  isomer  hds  a dipole  moment 
while  the  other  has  none  by  symmetry.  From  the  NMR  data  it  could  be  inferred 
that  Pr°t)ably  existed  in  an  octahedral  structure  with  two  possible 

arrangements  for  the  carbon,  trans-  and  cis. 

The  first  n i do  - compound  to  be  studied  was  2 carbahexaborane , orginally  prepared 
by  Hawthorne  and  Dunks.  The  boron  isotopic  species  of  this  compound  was  studied. 
From  the  investigation  they  were  able  to  confirm  (1)  that  the  structure  of  this 
compound  is  a pentagonal  pyramid  with  the  carbon  located  in  the  base,  (2)  and  to 
determine  the  boron-boron  distances. 

In  order  to  test  whether  CNDO  would  be  practicable  for  application  with  carboranes, 
CNDO  investigations  were  undertaken  of  the  c 1 oso-carboranes  whose  structures  were 
known.  Calculations  were  carried  out  on  three  possible  isomers  of  02^0  -j , the  two 
somers  of  and  the  four  isomers  of  C2B^H  . From  these  calculations  it  is 

concluded  that  CNDO  method  does  seen  accurate  enough  to  predict  rough  trends  and 
relative  stabilities,  charge  densities  and  structures  of  carborane.  They  have  also 
shown  that  there  is  little  evidence  the  carboranes  possess  aromaticity. 
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"Formation  and  Properties  of  Salt  Films  during  Corrosion  of  Metals",  presented 
at  Electrochemical  Society,  Boston,  Massachusetts,  October  1973  (extended 
abstract  in  Appendix  A). 

"High-Current-Density  Anodic  Transients  for  Newly-Generated  Titanium  Surfaces", 
presented  at  NACE,  Chicago,  Illinois,  March,  1974  (extended  abstract  in  Appendix 
B,  to  be  submitted  to  Corrosion). 

"Electrical  Transient  Studies  with  One-Dimensional  Pits  in  Titanium",  presented 
at  Gordon  Conference  on  Corrosion,  Colby  College,  New  Hampshire,  July,  1974 
(work  in  progress,  to  be  submitted  to  J.  Electrochem.  Soc.). 

"Salt  Films  and  Their  Influence  on  the  Corrosion  of  Metals",  presented  at  NACE, 
Toronto,  Canada,  April,  1975  (extended  abstract  in  Appendix  C,  to  be  submitted 
to  Cor ros ion) . 

"The  Occurance  of  Salt  Films  During  Initial  Stages  of  Titanium  Corrosion",  T.  R. 
Beck,  D.  Ernsberger,  and  R.  Alkire,  to  be  presented  at  Electrochemical  Society, 
Dallas,  Texas,  October  1975  (extended  abstract  in  Appendix  D,  to  be  submitted  to 
J.  Electrochem.  Soc.). 

9.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 

Air  Force  flight  vehicles  must  withstand  increasingly  complex  environmental  and 
operational  regimes.  Fundamental  knowledge  of  the  mechanisms  of  fatigue  and 
fracture  of  flight  structures  is  reguired.  This  research  is  related  to  the 
understanding  of  crack  propagation,  stress  corrosion  and  corrosion  fatigue  in 
titanium  and  other  metals. 
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An  electrochemical  mass  transport  kinetic  (MTK)  model  was  previously  formulated 
by  the  author  to  quantitatively  describe  the  electrochemical  events  in  a crack. 

It  turned  out  that  the  model  was  not  completely  accurate  because  initial  reactions 
on  a newly-generated  surface  of  titanium  such  as  at  the  crack  tip  were  not  under- 
stood at  that  time.  All  electrochemical  studies  reported  in  the  literature  were 
for  aged  surfaces  of  titanium  which  had  an  oxide  skin.  The  present  work  was  done 
to  fulfill  the  requirement  of  the  model  for  quantitative  data  on  new  titanium 
surfaces  and  to  develop  a qeneral  understanding  of  the  kinetics  of  the  repassiva- 
t ion  process . 

Preliminary  work  had  already  shown  that  corrosion  of  the  new  metal  surface  is 
important  as  well  as  the  hydrogen  ion  reduction  and  formation  of  oxide  that  were 
considered  in  the  MTK  model.  All  three  reactions  must  be  considered: 

Ti  Ti3+  = 3e  (I  ) 

H*  + e H (2) 


Ti  + 2 H?0  — T i 02  + kH++4e  (3) 


The  first  phase  of  experimentation  was  to  qenerate  current-time  curves  for  nev/ 
surfaces  using  0.16  x 0.32  cm  notched  specimens  and  following  the  course  of  current 
versus  t i me  f rom  generation  (approx.  10  sec.  from  fracture)  to  steady  state 
(approx.  I 04  sec.).  The  current  density  in  this  period  decayed  by  a factor  of 
10”  so  that  special  instrumentation  had  to  be  built. 

It  became  evident  that  reactions  1 and  2 dominated  initially,  giving  a mixed 
potential  at  the  surface.  The  measured  initial  anodic  current  of  about  3A/cm^ 
was  li  i ted  by  iR  drop  in  the  electrolyte  between  the  luggin  capillary  and  the 
nev/  surface,  and  was  obviously  smaller  than  the  true  anodic  current  density. 

Because  the  initial  reaction  was  considered  to  be  important  at  the  crack  tip, 
it  was  necessary  to  design  an  experiment  with  lower  ohmic  resistance  between 
the  Luggin  capillary  and  the  specimen. 

Noiched  0.0^0  cm  diameter  wires  were  mounted  in  a Teflon  holder  with  a Luggin 
capillary  tip  that  approached  within  one  wire  diameter  of  the  notch.  This 
permitted  initial  current  densities  of  over  10^  A/cm^.  Now  some  interesting 
new  effects  were  observed.  Passivation  time  was  shorter  at  the  higher  initial 
current  density,  showing  that  it  was  due  to  an  anodic  process.  Higher  HC I con- 
centration also  caused  a shorter  passivation  time,  indicating  a mass  action 
effect  on  precipitation  of  a salt  layer. 

A review  of  the  literature  showed  that  after  the  classic  researches  of  W.  J. 

Muller  in  the  1920's  and  30's  on  salt  films  in  corrosion,  the  subject  had  been 
largely  neglected.  Experiments  were  therefore  conducted  with  copper  and  silver 
at  conditions  at  which  salt  films  form  but  not  oxides.  Oata  were  observed  to 
fit  the  Sand  equation  for  unsteady  - state  mass  transport  using  degrees  of 
supersaturation  for  the  precipitating  salt.  Salt-film  passivation  times  as 
short  as  mi  I I i seconds  were  observed  for  high  dissolution  current  densities, 
directly  analogous  to  experimental  data  for  newly-generated  titanium  surfaces. 


Studies  were  also  made  with  pitting  of  titanium  because  in  this  case  measure- 
ments can  be  made  of  the  properties  of  the  salt  film  at  steady  state.  Con- 
ductivity and  thickness  were  measured.  An  important  observation  made  during 
pitting  is  that  the  metal -to-sal t-fi lm  interface  appears  to  be  close  to  the 
equilibrium  potential,  even  at  high  current  density.  It  is  proposed  that  a 
similar  situation  occurs  at  a crack  tip  and  that  the  increase  free  energy 
there  as  a result  of  the  stress  intensity  causes  increased  local  activity 
and  thus  the  crack  to  propagate. 

A more  fundamental  model  for  salt  film  formation  on  newly-generated  titanium 
surfaces  is  being  formulated  based  on  Fick's  second  law.  When  the  salt  film 
formation  and  dissolution  are  completely  worked  out,  it  is  planned  to  revise 
the  MTK  model.  Perhaps  then  the  electrochemistry  of  crack  propagation  in 
titanium  will  be  understood. 
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"Image  Forming  Reactions  and  Semitizing  Dyes"  FINAL  REPORT  - NDA-023053 
9.  ABSTRACT  OF  ACCOMPLISHMENTS  AND  OBJECTIVES: 

This  research  was  undertaken  to  generate  new  insights  on  the  fundamental  pro- 
perties which  limit  the  performance  of  chemical  image- form! ng  systems.  The 
principal  areas  investigated  were: 

Dye  sensitization  of  photoconductivity  and  of  silver  latent  image 
format i on . 

The  ultimate  i n forma t i on- record i ng  capabilities  of  organic  imaging 
systems  having  chemical  amplification,  and  strategies  for  overcoming 
problems  of  thermal  instability  in  these  systems. 

Methods  for  simultaneously  improving  sensitivity  and  detection 
guantum  efficiency  of  conventional  silver  halide  photographic 
systems . 

The  following  analyses  and  investigations  were  completed  under  the  grant: 

A complete  theoretical  and  exper i nienta I analysis  of  the  surface 
structures,  packing  geometries,  and  spectra  of  aggregates  of  some 
representative  sensitizing  dyes  on  the  most  common  faces  (111)  and 
(100)  of  the  silver  halides  for  the  case  of  red-shifted  aggregate 
absorpt ions . 

A theoretical  and  experimental  analysis  of  the  surface  structures 
and  spectra  of  dye  aggregates  having  angled,  "herringbone"  packing 
geometries  and  giving  broad,  multi-peaked  absorption  bands  corres- 
ponding to  panchromatic  sensitization  of  photographic  materials. 

Determination  of  the  crystal  structures  of  two  critical  cyanine 
dyes  by  X-ray  diffraction. 

Discovery  of  some  "missing"  aggregate  structures  and  prediction  of 
modified  red  sensitizing  dyes  which  might  take  up  these  structures. 


Measurement  of  the  quantum  yields  of  fluorescence  and  i somer i zat ion  of  some 
representat i ve  cyanines  in  fluid  solutions  at  reduced  temperature.  Photo- 
isomerization  is  here  established  as  a reaction  competitive  with  dye  sensitiza- 
tion. 

Determination  of  the  sensitized  photoconductivity  of  critical  dye  pairs  of  known 
(?)  po I a rograph i c potentials.  The  action  of  a spectroscopically  degenerate  but 
po I arograph i ca 1 I y different  set  of  dyes  was  shown  not  to  be  explicable  in  terms 
of  the  simple  theory  of  supersensitization  by  ho  I e- 1 rapp i ng  which  is  currently 
being  emphasized.  Critical  examination  of  the  po I a rog raph i c data  on  dyes 
indicates  that  much  of  this  data  is  unreliable  for  classifying  dyes. 

The  induction  of  circular  dichroism  in  the  absorption  bands  of  cationic  dyes  in 
a chiral,  anionic  medium  (sodium  desoxycho I a te  miscelles)  was  shown  to  be  a 
simple,  nonphotographic  test  for  distinguishing  twisted,  ant i sens i t i z i ng  dyes 
f rom  sens i t izers . 

Clarification  of  the  problem  if  incomplete  light  absorption  by  sensitizing  dyes 
through  surface  studies  and  the  formulation  of  a conservation  theorem  for  light 
absorption  by  dyes  on  surfaces.  This  work  also  lead  to  the  concept  of  systems 
giving  high  sensitivity  over  a narrow  spectral  band  for  laser  applications. 

Theoretical  analysis  of  the  ultimate  capabilities  (detective  quantum  efficiency) 
of  organic  imaging  systems.  This  analysis  lead  to  the  discovery  of  a new  class 
of  systems,  the  Noiseless  Chemical  Amplifiers. 

Recognition  of  the  critical  importance  of  thermal  pseudoimage  forming  reactions 
in  high  sensitivity  organic  systems  and  the  development  of  general  strategies 
for  combatting  these  thermal  reactions. 

Measurement  of  the  primary  quantum  yield  in  the  system  of  leuco  crystal  violet 
and  CBr^  and  separation  of  the  multiple  reaction  products.  This  work  corrected 
an  erroneous  and  d i scourag i ng 1 y low  quantum  yield  in  the  literature. 

Observations  on  the  morphology  and  electron  diffraction  patterns  of  single 
microcrystals  in  silver  halide-gelatin  emulsions. 

Analysis  of  the  gains  in  photographic  sensitivity  and  in  detective  quantum 
efficiency  to  be  obtained  from  production  of  negative  materials  optimized  for 
I a tens  i f i ca  t i on  . 
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9.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 

This  research  has  been  concerned  with  the  development  of  a new 
fluid  mechanical  chemical  laser  system,  and  with  the  application 
of  a laser  as  a diagnostic  tool  to  obtain  experimental  data  on 
population  distributions  and  more  precise  localized  velocity  data 
for  shock  and  detonation  waves. 
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Stabilized  Jletonation  Wave  Lciser  (SDW) 

An  improved  experimental  system  for  the  SDW  laser  concept  has  been 
designed  and  fabricated.  Prior  to  testing  the  system  an  extensive 
investigation  of  detonability  limits  was  undertaken  to  provide  basic 
data  needed  to  select  operating  conditions. 

Pressure  limits  of  detonations  in  hydrogen-chlor ine  and  hydrogen- 
chlorine-40  argon  mixtures  were  established  experimentally.  It 
was  found  that  at  300°K  no  mixture  of  hydrogen,  chlorine  and  argon 
could  be  detonated  below  16  torr.  Replacement  of  excess  hydrogen 
with  argon  considerably  lowered  the  pressure  limits.  Replacing 
some  of  the  chlorine  with  argon  had  the  reverse  effect.  This 
behavior  was  attributed  to  the  decrease  in  the  induction  time  in 
chlorine  rich  mixtures  and  to  the  higher  specific  heat  of  hydrogen 
molecule . 

A method  was  proposed  for  the  prediction  of  pressure  limits,  if  a 
limit  for  one  mixture  composition  and  the  variation  of  the  charac- 
teristic blast  wave  radius  for  the  detonation  with  system  pressure 
and  composition  is  known. 

The  detonation  velocities  measured  were  all  significantly  above  the 
theoretical  Chapinan-Jouget  velocities.  It  is  believed  that  although 
most  of  the  detonations  were  overdriven,  a significant  portion  of 
the  differences  between  experimental  and  theoretical  velocities  is 
due  to  only  a partial  thermodynamic  equilibrium  at  the  detonation 
end  state. 

Detonations  in  hydrogen-chlorine  and  hydrogen-chlorine-argon  mix- 
tures exhibited  an  irregular  tridimensional  structure  on  the  soot 
records.  Although  an  equilibrium  configuration  could  not  be 
obtained,  the  measurements  performed  on  the  soot  records  gave 
satisfactory  results.  The  cell  size  decreased  with  pressure. 

Ratio  of  cell  length  to  sonic  speed  creased  with  pressure.  Ratio 
of  cell  length  to  sonic  speed  in  the  unburned  gas  showed  a power 
dependence  on  pressure.  The  incidence  angles  had  an  average  value 
of  72°  and  showed  no  dependence  on  mixture  composition  and  initial 
pressure . 

Laser  Doppler  Velocimetry 

A new  method  of  measuring  the  local  velocity  of  shock  and  detonation 
waves,  based  on  measuring  the  Doppler  shift  in  frequency  of  laser 
light  using  Schlieren  interferometry,  is  reported  and  its  limita- 
tions are  assessed.  Expressions  are  given  for  the  Doppler  shift 
in  terms  of  all  the  relevant  parameters,  including  the  refraction 
produced  at  the  windows  of  the  detonation  vessel,  for  the  spatial 
resolution,  and  for  the  accuracy  of  the  method.  Velocity  measure- 
ments made  on  stoichiometric  oxygen-acetylene  mixtures  at  an  initial 
pressure  of  75  torr  show  that,  prior  to  the  onset  of  detonation, 
local  shock  wave  velocity  measurements  can  be  made  over  a distance 
of  4.4  x 10-3  cm  with  an  accuracy  of  + 11%,  and  4.4  x 10“^  cm  with 
an  accuracy  of  ± 2%.  For  the  detonation  wave  the  error  in  the 
velocity  measurement  was  about  ± 20%  when  averaged  over  distances 
of  1 to  2 x 10“1  cm. 
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Tu ned  Laser  Spectroscopy 

Macroscopic  kinetic  parameters  such  as  induction  times  and/or  laser 
gain  coefficients  may  be  determined  by  probing  certain  gaseous 
systems  with  a laser  tuned  to  match  the  accessible  vibrational- 
rotational  states  of  a reaction  product.  In  principle,  nascent 
and  transient  population  distributions  may  also  be  calculated  for 
such  systems  from  the  amplification  or  attenuation  of  the  probe 
beam. 

In  this  study,  the  transient  populations  of  vibrationally  excited 
carbon  monoxide  formed  by  the  oxidation  of  carbon  disulfide  in  a 
shock  tube  was  monitored  by  a tuned  cw  carbon  monoxide  laser. 
Excited  carbon  monoxide  was  produced  by  the  reaction  CS  + O -*■  C0+ 

+ S.  A frequency  stabilized  1.8  meter  electric  discharge  laser, 
cooled  in  a dry  ice-methanol  bath,  was  tunable  over  the  vibrational 
transitions  v = 15-14  to  v = 7-6  with  rotational  levels  J = 15  ± 2. 
Typical  conditions  behind  the  reflected  shock  in  a 95%  oxygen  - 
5 carbon  disulfide  mixture  were  p = 550  torr,  T = 900°K. 

In  a typical  experiment  the  following  features  were  noted.  After 
an  induction  time  of  approximately  600  gsec,  amplification  of  the 
laser  beam  was  observed  and  lasted  for  about  70  usee.  Beam  attenu- 
ation immediately  followed  amplification  and  lasted  about  130  usee. 
These  general  features  were  reproducible,  although  the  quantitative 
gain/loss  data  showed  some  scatter.  The  greatest  gain/loss 
('  0.5%  cm-^/l%  cm  ) was  observed  on  the  v = 10-9  transition;  this 
result  is  consistent  with  results  obtained  from  CS2~  C>2  flame  laser 
experiments. 
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8.  ABSTRACT  OF  OBJECTIVES  AND • ACCOMP LI SHMENTS : 

The  Objective  of  this  program  has  been  to  study  gas  phase  kinetics 
through  the  use  of  unique  optical  spectroscopy  techniques  developed 
at  the  University  of  California,  Santa  Barbara.  Research  has  been 
focused  on  processes  involving  electronic  and  vibra t iona 1 1 y excited 
states.  Optical  spectroscopy  from  100  to  20,000  nra  has  been  used 
to  determine  mechanisms  and  to  measure  rate  constants  and  cross 
sections  for  several  low  energy  collision  processes  and  chemilum- 
inescent reactions  involving  small  molecules.  Studies  have 
included:  (A)  development  of  new,  ultrahigh  resolution  optical 

methods  for  the  study  of  molecules;  (B)  use  of  improved  laser 
facilities  to  measure  more  accurately  the  kinetics  of  room  temper- 
ature metal  atoms  reactions  with  oxidants  and  halogens;  and  (C)  use 
of  laser  induced  photoluminescence  to  measure  spectroscopic  constants 
of  other  simple  molecular  species  which  are  of  atmospheric,  combustion, 
and  chemical  laser  interest. 

Most  of  these  recent  efforts  have  been  directed  towards  optical 
spectroscopic  study  of  gas-phase  diatomic  metal , metal-oxide  and 
metal-halide  molecules.  Several  vacuum  flow  systems  have  been 
developed  for  molecular  production.  A metal  sample  is  placed  in 
a ceramic  crucible  surrounded  by  a tungsten  wire  basket  which  is 
resistively  heated.  Resulting  metal  vapor  is  entrained  in  a flow 
of  inert  carrier  gas  and  is  transported  into  the  reaction  region 
where  an  oxidizing  gas  is  injected.  Reactions  usually  result  in 
bright  chemiluminescent  flames.  From  emission  spectra,  various 
molecular  constants  and  kinetic  information  are  obtained.  Ground 
electronic  states  have  been  probed  with  laser-induced  photolumin- 
escence . 

Chemiluminescence  studies  have  included  BaO , CaO,  CaF,  CaCl,  CaBr, 

BaX  ( X=F , Cl,  Br,  I)  and  Bid,  BiBr,  CuCl,  CuBr,  PbCl,  PbBr . 

Using  spectra  obtained  from  chemiluminescence,  photon  yields  (number 
of  photons  emitted  per  reacted  metal  atom)  have  been  obtained  for 
Ba  + N20;  CaO,  CaF,  CaBr,  CaCl;  and  BaX. 

The  photon  yield  for  BaO  (A-X)  is  strongly  dependent  on  inert-gas 
pressure  and  has  been  measured  to  be  0.22  photons  per  reacted  Ba 
atom  at  pressures  near  10  torr.  Also  at  this  pressure,  the  specific 
yield  for  production  of  BaO  A-state  molecules  in  a single  vibrational 
level,  v=l,  is  found  to  have  the  surprising  large  value  of  0.08. 

A reliction  mechanism  has  been  proposed  in  which  most  BaO  molecules 
are  formed  initially  in  the  long-lived  a Ml  state  and  are  transferred 
subsequent ly  by  collisions  into  the  shorter- 1 ived  A ‘ + state. 

This  mechanism  accounts  for  numerous  kinetic  and  spectroscopic 
observations  of  BaO. 

baser- induced  photoluminescence  (fluorescence)  has  been  a powerful 
tool  in  the  study  of  Na2,  BaO,  C102,  Pb  , , BaX,  BiCl,  BiBr,  CuCl, 

CuBr,  PbCl , PbBr,  and  Rbj. 

BaO  photoluminescence  was  induced  by  two  lines  of  an  Ar+  laser. 

The  strongest  A 1 1 - X1!  emission  was  observed  from  v'  8,  J'=4l) 
excited  by  488.0  nm  and  v'=7,  j * = 3 and  7 excited  by  496.5  nm. 
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Studies  were  made,  from  0.4  to  40  torr,  of  collisional  energy 
transfer  to  other  rotational  and  vibrational  levels  of  the  A 
state  after  optical  pumping  by  the  laser. 

A single  mode  Ar+  laser  at  514.5  nm  was  used  to  induce  photolumin- 
escence in  Pb 2-  The  resulting  spectra  lead  to  new  ground  state 
constants:  u)o=109 . 1 + 0 . 3 and  aiexG=0 . 35  + 0 . 04  cm”l.  Vibrational 

number  of  many  bands  were  reassigned. 

Fixed  frequency  ion  lasers  and  a tunable  cw  dye  laser  were  used 
to  excite  photoluminescence  in  Rb2  at  pressures  from  1 to  100  torr 
of  metal  vapor  contained  in  a heat  pipe  oven.  Studies  show  that 
the  C 1 nu  state  is  strongly  predissociated  and  that  A !IU  and  B 1 nu 
states  are  also  populated  following  absorption  by  the  C ‘I!u  state. 
Recombination  collisions  between  Rb  5 2P,  formed  in  the  predissoci- 
ation of  Rb2>  and  Rb  5 2S  have  been  proposed  to  account  for  A-X 
and  B-X  emission. 

A complete  rotational  assignment  has  been  made  of  four  NC>2  absorp- 
tion lines  at  593.6  nm  by  MODR  using  a cw  dye  laser.  Various  fine 
and  hyperfine  components  of  9j  9 + 10q  rotational  transition  of 
the  ground  vibronic  state  of  N62  are  near  40  GHz.  Microwave  frequen 
cies  used  in  the  experiment  were  40.671,  40.703  and  40.931,  40.964, 
40,933  which  correspond  to  J=19/2  -+  21/2  and  J=17/2  -+  19/2, 
respectively.  Observed  optical  transitions  near  593.6  nm  were 
assigned  to  100  10(21/2)  -+  9(19/2)  10Q  10(19/2)  - 9(17/2),  9t  g 
(19/2)  -+  8 ( 17/2  J and  91>9(17/2)  -+  8(15'/2). 

Radiative  lifetimes  of  electronic  states  of  several  molecules  have 
been  measured  from  the  photoluminescence  decay  excited  by  a short- 
pulsed  (10  nsec)  tunable  dye  laser. 

This  has  been  used  to  excited  selected  vibrational  levels  between 
v'=l  and  31  of  the  B 3 IT q + state  of  Br,.  Lifetimes  and  self- 
quenching cross  sectionsuwere  measured  By  observing  the  direct  decay 
of  fluorescence  as  a function  of  pressure.  Large  variations  of 
lifetimes  and  cross  sections  were  found;  lifetimes  varied  by  a 
factor  of  8,  ranging  from  greater  than  1.2  msec  near  v'=27  to  less 
that  0.15  msec  near  v'=14.  Two  minima  of  lifetimes  near  v'=l  and 
14  are  due  to  decay  of  the  B state  by  spontaneous  predissociation 
through  dissociative  states. 

Lifetimes  of  the  A state  of  BaO  were  measured  for  v'=0  to  11 
and  were  found  to  vary  from  275+22  to  389*16  nsec.  Quenching 
cross  sections  of  BaO  (A  * Z ) by  lie  varied  with  vibrational  level 
over  the  range  0.3  to  2.3  x 10"^*+  cm2. 

Flowing  afterglow  experiments  were  performed  with  both  He  and  N, 
as  the  active  species.  In  the  former,  the  afterglow  is  initiated 
by  a dc  discharge  while  the  latter  by  a 2450  MHz  microwave  discharge 

A light  source  of  neutral  N atoms  was  developed  by  mixing  traces 
of  N2  in  a flowing  He  afterglow  at  pressures  near  1 torr.  This 
source  produces  radiation  from  energy  levels  near  the  ionization 
limit  of  the  neutral  atom  but  none  from  excited  states  of  N+ . 

Excited  N atoms  are  produced  by  recombination  of  electrons  with  N+ 
formed  in  dissociative  charge  transfer  reactions  of  He+  with  N-, . 
Approximately  400  new  N atom  lines  were  found.  A second  mechanism 
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was  found  in  which  ^ is  dissociated  by  metastable  molecular  helium 
then  excited  by  collisions  with  energetic  electrons.  The  character- 
istic temperature  associated  with  this  level  population  distribution 
was  about  10^K. 

Hydrogen  was  vibrationally  excited  by  direct  energy  transfer  from 
electronically  excited  Na,  Rb , Cs  and  Hg.  Vibrational  excitation 
of  B 1 r.u  *-  X ‘Eq+  transitions  in  H 2 was  detected  by  absorption  of 
vacuum  uv  radiation  from  a low  pressure  H2  lamp. 

Vibrational  excitation  of  HCN  was  obtained  by  mixing  in  a stream 
of  vibrationally  excited  N^,  H2  or  D2  produced  by  a microwave 
discharge.  More  than  60  lines  were  resolved  near  3ym  and  consisting 
primarily  of  the  fundamental  C-H  stretch. 

Infrared  emission  has  been  observed  from  S02  at  7.4  and  8.7  ,m  when 
ground  state  SO2  molecules  collided  with  a flowing  stream  of  active 
nitrogen  produced  by  a 2440  MHz  microwave  discharge.  The  7.4  ,im 
emission  was  assigned  to  (001)  -*■  (000)  while  8.4  urn  is  due  to 
(100)  -*•  (000)  . 

A bright  flame  produced  by  the  reaction  of  0 atoms  with  white 
phosphorous  has  been  developed.  In  addition  to  a visible  continum, 
emission  consists  of  several  PO  transitions  and  the  A - x':'g+ 

transitions  of  P2.  Atomic  oxygen  and  a third  body  such  as  H2O  or 
H2  is  found  essential  for  the  production  of  discrete  bands.  Pressure 
effects  on  the  intensity  of  PO  6-bands  indicate  the  pressure  of  a 
heterogeneous  perturbation  in  the  B 2I(v=7)  level  by  a 2Ilr  state. 

A pulsed  NO  laser  at  1.02  urn  has  been  produced.  The  spectrum  was 
photographed  with  high  resolution  and  rotational  analysis  fully 
confirms  assignment  of  the  transition  to  F2A  - C2n(l,l) . Both  of 
these  electronic  states  are  configurationally  mixed  with  valence 
levels . 
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Spectroscopy",  A. H. Cowley,  M.J.S. Dewar,  D.W. Goodman,  M . C . Pado I i na  , J.A.C.S,  96. 
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"Nature  of  the  Transition  States  in  "Forbidden"  Electrocycl ic  Reactions",  M.J.S. 

Dewar,  S.Kirschner,  J.A.C.S,  96  , 52*4*4  (197*4). 

"Dimerization  of  Ethylene  to  Cyclobutane",  M.J.S. Dewar,  S.Kirschner,  J.A.C.S.,  96, 

52*46  (197*4). 

"MIND0/3  Study  of  C» 8J  Annulene",  M.J.S. Dewar,  R.C. Haddon,  and  P.J. Student,  J . C her 
Soc.  Chem.  Commun.,  569  ) 197*4). 

"iilND0/3  Study  of  B i sdehydrobenzenes" , M.  J.  S.  Dewar,  W.  K.  Li,  J.A.C.S,  96,  5569 
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"The  Cornforth  Rearrangement",  M.  J.S. Dewar  and  I.  J.  Turchi,  J.A.C.S.  , 96  , 61A8  ( 1 9 7 **  1 - 
9.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 

The  most  important  achievement  resulting  from  the  research  has  been  the  development 
of  a quantum  mechanical  treatment  that  for  the  first  time  enables  the  detailed 
course  of  chemical  reactions  to  be  studied  with  reasonable  accuracy  and  reliabi- 
lity and  at  reasonable  cost.  Applications  of  MINDO/II  and  MIND0/III  to  a very 
wide  variety  of  chemical  problems  have  led  to  a new  insight  into  the  mechanisms 
of  many  organic  reactions  and  to  conclusions  which  are  not  only  important  but 
often  totally  unexpected. 

A second  area  has  been  concerned  with  molecular  (uv)  photoelectron  spectroscopy. 

A 127°  sector  type  spectrometer  was  constructed  following  the  general  design  to 
Turner  which  seens  to  be  at  least  five  times  more  sensitive  than  any  previously 
described.  The  spectrometer  has  been  used  to  study  a number  of  problems  con- 
cerning bonding  in  compounds  of  Group  IV  and  Group  V elements. 
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Another  project  has  been  concerned  with  nuclear  quadrupole  resonance  (nqr) 
spectroscopy.  Here  again  an  instrument  was  built  since  the  only  commercial 
one  currently  available  was  not  at  all  satisfactory.  It  has  been  used  mainly 
to  study  bonding  in  orqanometa I I i c compounds,  in  particular  of  aluminum  and 
cobalt,  although  a good  deal  of  work  has  also  been  done  on  chlorine  nqr 
spect  ra . 

In  the  nmr  field,  the  concern  was  with  the  magnitude  and  nature  of  the  barriers 
to  rotation  about  bonds  between  Group  V elements  (NN,  NP,  NAs)  and  with  the 
barriers  to  inversion  in  pyramidal  nitrogen. 

Another  area  studied  is  that  of  liquid  crystals.  Here  the  concern  was  with  the 
relationship  between  structures  and  mesophase  stability,  with  attempts  to  pre- 
pare new  types  of  nematic  liquid  crystals,  in  particular  compounds  of  greater 
stability  than  those  currently  used  and  new  types  of  cholesteric  materials,  and 
with  attempts  to  obtain  liquid  crystalline  glasses.  A large  number  of  new 
liquid  crystals  were  prepared  during  the  course  of  this  work  and  measurements 
of  their  heats  of  transition  to  normal  liquids  led  to  some  novel  and  unexpected 
conclusions  concerning  the  relationship  between  structure  and  mesophase  stability. 

The  mechanisms  of  several  molecular  rearrangements  have  been  studied  exper i men ta I I y 
partly  because  of  their  inherent  interest  and  partly  because  the  information  was 
needed  to  interact  with  the  theoretical  studies.  These  included  the  Cope 
rearrangements  of  a number  of  derivatives  of  1 , 5"hexad i ene  containing  aryl  and 
vinyl  substituents  and  a number  of  Cornforth  rearrangements  of  oxazole  derivatives. 

In  the  area  of  organoboron  chemistry,  a new  stable  boron  containing  f i ve-membe red 
heterocycle  was  discovered;  polymers  derived  from  it  seem  to  show  interesting 
stability  at  high  temperatures. 

1 9 

Previous  work  had  shown  that  the  effects  of  substituents  on  F 3 chemical  shifts 
are  not  at  all  closely  related  to  their  effects  on  chemical  reactivity;  additional 
information  concerning  this  was  obtained  by  studies  of  a number  of  fluorine  com- 
pounds specifically  synthesized  for  the  purpose. 

A number  of  other  projects  are  still  incomplete.  These  include  the  preparation 
of  new  metal  coordination  polymers  as  potential  semiconductors,  the  construction 
of  a photoelectron  spectrometer  with  a molecular  beam  source,  and  studies  of  the 
reactions  of  energetic  species  produced  in  microwave  plasmas. 

The  research  done  under  this  contract  is  described  in  detail  in  the  papers 
published  or  submitted  for  publication. 


AFOSR  Program  Manager:  Dr.  A.  J.  Matuszko 
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Reactivity  Patterns  Characteristic  of  Lighter  Metallic  Elements  (Titanium),’ 
Final  Report. 

9.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 

Metallic  elements  such  as  titanium  and  aluminum  are  of  specific  Air  Force 
interest  as  potential  structural  materials  for  use  under  extreme  conditions. 

The  use  of  these  metals  is  limited  by  factors  (stress  corrosion,  etc.)  which 
depend  directly  on  chemical  reactivity. 

This  program  has  succeeded  in  clarifying  many  of  the  factors  which  contri- 
bute to  the  unusual  reactivity  patterns  of  titanium  species  in  aqueous  media. 

It  has  established  that  interactions  of  Ti(III)  with  medium-anions  are  severe, 
and  that  this  effect  has  caused  serious  errors  in  widely -quoted  previous 
studies.  In  particular,  rates  for  simpler  oxidations  of  Li  (III)  given  in  the 
literature  are  too  high  (due  to  medium  interference)  by  three  orders  of 
magnitude.  Unusual  acid  dependencies  of  Til  111)  reductions  have  been 
observed  in  several  cases;  these  arise  from  the  difference  in  geometry 
between  predominant  aqueous  forms  of  titanium  in  tri valent  and  quadruvalent 
forms,  and  also  from  what  appears  to  be  a preference  of  Til  III)  for  reduc- 
tions through  doubly-bridged  bL.uclear  complexes. 

Originally,  in  this  program  the  similarities  of  chemical  properties  between 
certain  r i ( III)  reactions  and  properties  of  ruthenium  compounds  were  noted. 

The  close  relationship  of  Ti  and  Ru  shows  up  in  technically  important 
reactions  such  as  those  of  Ii-Ru  alloy  electrodes.  A remarkable  c ompound 
of  Ru(IIl)  has  been  discovered  and  characterized.  This  compound  has  a 
metal-metal  bond  and  a bis-  -amido  doubly-bridged  structure  but  yet  has  a 
triplet  ground  state.  Papers  have  been  published  on  both  magnetochemical 
and  structured  studies  of  this  compound  and  have  pointed  out  that  this 
structure  seems  likely  to  account  for  the  unusual  propensity  of  Til  III)  to 
react  via_  di- bridged  paths. 

It  has  been  shown  that  reactions  of  Til  III)  with  simple  oxidants  (such  as 
CoINH-jJ^X^  1 ) often  involve  singly-bridged  electron  transfer.  Previous 
evidence  on  this  point  had  been  either  inc  Tusive  or  erroneous.  A stable 
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species  which  is  an  excellent  model  for  the  interactions  which  exist  in 
such  pathways  is  a ruthenium -containing  trimer  in  which  oxide  ions  join 
the  ruthenium  atoms  and  permit  efficient  interaction  of  metal  ion  orbitals. 
Although  previous  structural  studies  of  such  compounds  have  been  incon- 
clusive, it  lias  been  found  that  substitution  of  organic  ligands  for  NH^  has 
led  to  formation  of  tractable  crystals.  Both  crystallographic  and  chemical 
characterization  of  species  in  this  class  have  been  published.  The  unusual 
reaction  by  which  redox  reactions  of  such  species  are  induced  by  hydroxide 
ion  have  been  shown  to  involve  disproportionations  of  minor  constituents 
of  the  preparations. 

By  study  of  redox  reactions  of  more  complex  oxidants  with  Tit  III) , it  was 
shown  that  the  sensitivity  of  the  free  energy  of  activation  of  T i < III ) reactions 
to  changes  in  free  energy  of  reaction  is  lower  than  the  sensitivity  of 
oxidations  of  other  common  reductants.  This  is  connected  with  the 
exceptional  effectiveness  of  cross-bridge  interactions  for  Ti ( III)  and  RuiIII), 
and  contrasts  with  the  behavior  of  Cr(II)  - t'o(III)  which  is  now  under  study 
in  this  laboratory.  Considerable  progress  has  been  made  in  extending 
these  investigations  to  Ti(III)  reactions. 

AFOSR  Program  Manager:  D.  W.  Elliott 
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9.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 

The  objective  of  this  study  involved  five  areas  of  research: 

(1)  the  mechanism  of  production  of  electronically  excited  states 
by  frays,  (2)  the  properties  of  polar,  fluorescent  exciplexes, 

(3)  nonradiative  decay  processes  in  the  quenching  of  excited  states, 

(4)  studies  of  the  kinetics  of  decay  of  free  radicals  produced 
photochemically , and  (5)  some  early  work  in  the  photochemistry  of 
organometal lie  compounds. 

The  radiation  chemical  studies  used  trans,trans-2, 4-hexadiene 
(CH 2C11=CHCH-CHCH j ) as  a monitor  for  singlet  and  triplet  excitation 
generation  in  benzene  solution.  The  key  to  the  method  is  that 
excited  singlet  states  of  the  diene,  produced  by  direct  irradiation, 
give  only  one-bond  isomerization  (i.e.  tt+ct)  whereas  triplet  states 
produced  by  energy  transfer  from  sensitizer  triplets  undergo  two- 
bond  isomerization  (i.e.  tt-*-cc)  . The  results  indicated  a surpri- 
singly large  contribution  from  single  energy  transfer  to  the  solutes. 
The  surprise  was  compounded  by  the  demonstration  that  the  fluor- 
escent state  of  benzene  is  not  quenched  efficiently  by  the  diene. 

A compelling  argument  was  developed  to  the  effect  that  the  energy 
donor  is  a higher  excited  state  of  benzene,  probably  ' E^y. 

Study  of  fluorescent  exciplexes  produced  by  the  encounter  of  the 
fluorescent  states  of  naphthalene  and  its  derivatives  with  tertiary 
amines  has  been  going  on  for  several  years.  A large  number  of 
bimolecular  quenching  systems  were  studied.  The  highlights  of  the 
work  were  (1)  correlation  of  the  energy  of  the  exciplex  emission 
with  solvent  polari zabi 1 i ty  in  saturated  hydrocarbon  solution, 

(2)  correlation  of  the  transition  moments  for  emission  by  a series 
of  substituted  naphthalenes  and  the  exciplexes  that  they  form  with 
tr iethylamine . Both  approaches  are  consistent  with  the  view  that 
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the  exciplex  has  on  the  order  of  90c  "ionic  character 


Three  classes  of  bichromophoric  amines  were  studied.  In  all  cases 
the  bichromophoric  compounds  have  broad,  structureless  emissions 
at  long  wavelength  which  resemble  closely  the  exciplex  emissions 
produced  by  bimolecular  interaction  of  the  excited  singlet  state 
of  naphthalene  with  amines.  The  emission  frequencies  show  solvent 
dependence  similar  to  that  of  bimolecular  complexes.  However,  the 
quantum  yield  behavior  is  different.  The  rigid  bichromophores 
have  very  low  quantum  yields  for  emission  which  vary  little  with 
solvent.  Thus  rigid  compounds  emit  with  much  lower  than  maximum 
intensities  observed  with  bimolecular  exiplexes  in  hydrocarbon 
solvents  but  do  still  show  some  emission  in  polar  solvents,  like 
acetonitrile,  in  which  there  is  no  detectable  exciplex  emission 
in  the  bimolecular  cases.  It  is  known  from  the  work  of  others 
that  in  polar  solvents  the  exciplex  decays  by  two  different  paths, 
to  produce  separated  ion  radicals  and  to  produce  naphthalene  trip- 
lets. It  was  found  that  in  two  cases  studied  the  bichromophoric 
arene-amines  decay  to  give  verv  high  yields  of  triplets.  This 
suggests  some  interesting  theoretical  conclusions  which  will  be 
elaborated  in  a paper  now  in  preparation. 


Several  pieces  of  work  were  done  which  were  oriented  toward  study 
of  nonradiative  decay  competing  with  electronic  energy  transfer, 
a process  sometimes  referred  to  as  "energy  wastage".  Examples 
documented  include  the  following  general  types: 


(3) 


+ A 


D + A’ 


(3) 


or 


I D + A 


, D + A 


*U) 


D*(1>  + 


[ 

\ 


->  y D*  ( 3)  + A 

or 


D + A 


It  is  noteworthy  that  many  of  the  energy  wastage  reactions  appear 
to  include  accelerated  intersystem  crossing  (i.e.  triplet  + 

singlet two  singlets,  or  two  singlets  ^ singlet  plus 

triplet)  . 


A rather  detailed  study  of  isomerization  of  some  sterically  hindered 
alkenes  with  acetophenone  triplets  showed  that  in  some  cases  energy 
wastage  can  become  virtually  the  only  observable  path.  By  doing 
experiments  in  ternary  systems  (acetophenone-alkene-1 , 3-pentadiene) 
it  was  possible  to  show  that  triplet  exciplexes  are  formed  from  ace- 
tophenone triplets  and  alkenes.  The  exciplexes  were  detected  because 
they  live  long  enough  to  be  scavenged  by  1 , 3-pentadiene  (piperylene) , 
a well  known  triplet  getter. 
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Study  of  the  kinetics  of  bimolecular  decay  of  free  radicals  contin- 
ued . Probably  the  most  important  work  reported  durinq  the  recent 
grant  period  was  a study  of  the  effects  of  temperature  on  the  rates 
of  recombination  of  several  types  of  allylic  radicals.  The  results, 
for  the  most  part,  were  well  accommodated  by  a model  which  inter- 
prets the  influence  of  temperature  as  a viscosity  effect. 

Work  with  organometal 1 ic  compounds  centered  on  photosubstitution 
reactions  of  ground-state-nonlabi le  d^  compounds  and  ions. 

AFOSR  Program  Manager:  A.  J.  Matuszko 
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A type  of  highly  exoergic  chemical  reaction  in  which  one  of  the 
reaction  products  is  an  electronically  excited  metal  atom  is  the 
reaction  of  metal  dimers  with  halogen  atoms: 

M^  + X -*•  MX  + M* 

Where  M and  M*  are  respectively  ground  state  and  electronically 
excited  metal  atoms  and  X is  a halogen  atom.  As  an  example  a 

67 


spectroscopic  study  on  the  flame  resulting  from  the  reaction  of 
thallium  with  fluorine  was  performed  in  a flow  system.  The  chemi- 
luminescence from  this  reaction  was  observed  to  produce  thallium 
atomic  emission  at  3529,  3519,  3776  and  5350  angstroms.  The 
electronic  excitation  of  thallium  seems  to  occur  from  reactions 
involving  thallium  dimer,  atomic  fluorine,  vibrational ly  excited 
thallium  fluoride  and  atomic  thallium.  No  inversion  of  population 
in  the  excited  atomic  states  was  observed.  The  intensities  of  atomic 
emission  can  be  characterized  by  a Boltzmann  distribution  with  an 
electronic  temperature  of  about  3000  degrees.  Light  emission  is 
also  observed  from  electronically  excited  thallium  fluoride.  An 
upper  bound  for  the  dissociation  energy  of  thallium  dimer  was 
established  to  be  20  K cal  per  mole.  These  experiments  indicate 
that  the  mechanism  for  the  reaction  of  thallium  dimer  with  halogen 
atoms  is  essentially  the  same  as  that  for  the  reaction  of  the  alkali 
metal  dimers. 
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single  crystals.  There  seems  to  be  no  very  marked  trend  in  diffusion 
coefficient  with  composition.  The  technique  involved  oxygen  isotope 
exchange  between  the  solid  and  a water  plus  hydrogen  gas  buffer,  followed 
mass-spectrometrically.  A novel  technique  has  been  developed  for  studying 
oxidation/reduction  mechanisms  in  transition-metal  oxides  by  direct  obser- 
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"Crystal  Structures"  - Sten  Anderson  and  B.  G.  Hyde. 
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The  purpose  of  this  research  program  was  to  generate  an  understanding  of  the 
relationship  of  the  structural  parameters  and  surface  interactions  of  transition 
metal  complexes  to  their  solid-state  properties  and  to  utilize  this  behavior  for 
predicting  and  controlling  the  properties  of  this  class  of  materials.  The 
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sentative types  of  transition  metal  complex  systems  where  potentially  interesting 
solid-state  behavior  has  been  previously  identified  and  studying  the  electrical 
and  magnetic  properties  of  these  systems  as  a function  of  structural  variables 
accessible  through  either  chemical  substitution  or  the  application  of  ultrahigh 
pressures.  The  work  was  focused  on  three  main  types  of  transition  metal  com- 
plexes; (I)  the  metal  chain  systems,  P t (NH  ^P  t C 1 ^ (MGS ) and  K^,Pt(CN)^Br-  . 
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the  studies  of  these  systems 


metaV  Complexes 
are  described  in 


In  this  work,  particular  attention  was  paid  to  character i z i ng  the  role  of  the 
transition  metal  complex  unit  (i.e.,  its  composition,  molecular  geometry,  and 
electronic  structure)  and  its  arrangement  in  the  solid  in  determining  the  solid- 
state  properties.  In  addition  to  experimental  studies,  theoretical  calculations 
in  collaboration  with  Dr.  R.  P.  Messmer  of  General  Electric  Corporate  Research 
and  Development,  were  carried  out  in  order  to  obtain  information  concerning  the 
electronic  structure  of  the  molecular  units  and  the  orbital  interactions  occurrin;g 
in  the  sol i d. 
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Throughout  this  work,  the  importance  of  detailed  Structural  information 
regarding  the  relative  orientation  and  separation  of  the  molecular  units 
in  the  structure  were  fully  recognized,  and  collaborative  efforts  with  Dr. 

J.  S.  Kasper  of  General  Electric  Corporate  Research  and  Development  in  the 
first  three  years  of  the  program  were  of  considerable  value  in  meeting  the 
objectives.  As  the  focus  of  the  program  began  to  shift  from  studies  of  known 
complexes  to  the  synthesis  and  characterization  of  new  solid-state  materials, 
this  need  for  structural  information  became  particularly  acute.  In  recogni- 
tion of  this  need,  the  program  was  expanded  in  September  197^  to  formally 
include  Dr.  Kasper  as  a second  principal  investigator. 
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2.  Temperature  Dependence  of  Near  Resonant  Vibration  -*•  Vibration 
Energy  Transfer  in  HC1-D2  Mixtures  - Laser-excited  vibrational 
fluorescence  measurements  have  given  rates  for  nearly  resonant 
vibrational  energy  exchange  between  HC1  and  D2  molecules  over  the 
temperature  range  of  196-343°K. 

3.  Vibration-to-Vibration  Energy  Transfer  in  Collisions  Between 
H35ci  and  H37ci  - The  observed  difference  in  the  rates  of  energy 
transfer  processes 

2HC1 ( v = l ) HC1 ( v = 0 ) + HC1 ( v = 2 ) + 104cm-1, 

H35C1 (v=1)  + H37C1 (v=0)-»  H35C1 (v=0)  + H37Cl(v=l)  + 4crrT1 


is  explained  on  the  hypothesis  that  isotopic  interactions  play  an 
important  role  in  the  second  process  whereas  they  are  inoperative 
for  the  first  process.  This  hypothesis,  if  true,  gives  an  estimate 
of  the  derivative  of  the  average  quadrupole  polarizability  with 
respect  to  internuclear  distance. 


4 .  Calculations  for  the  collision-induced  absorption  in  a He-Ne 
mixture  in  the  far  infrared  ( 200-600cm-1)  are  presented.  The 
present  calculation  includes  an  exact  treatment  of  the  collision 
dynamics  and  of  the  radiation  field  to  the  first  order.  The  infor- 
mation used  is  the  interatomic  potential  and  dipole  moment  function. 
Using  values  of  these  parameters  obtained  from  independent  and 
extensive  studies,  values  of  the  absorption  coefficient  are  obtained 
which  are  about  two  orders  of  magnitude  smaller  than  obtained 
previously . 


5.  Temperature  Dependence  of  Near-Resonant  Vibration  -<-+■  Rotation 
Energy  Transfer  - V -*-->•  R,T  deactivation  of  the  v4  (243cm-1)  level 
in  BCI3  by  HCl  has  been  measured  over  the  range  of  220-340K,  with 
an  infrared  double  resonance  technique.  The  deactivation  proba- 
bilities show  an  inverse  temperature  dependence  below  room  temper- 
ature, indicating  that  long-range  attractive  forces  are  important 
in  the  resonant  transfer  process.  The  results  are  compared  with 
the  theory  of  Sharma  and  Brau. 


6.  Vibration-to-Vibration  Energy  Transfer  in  CO-CO  Collisions  - 
Vibration-to-vibration  energy  transfer  rates  for  collision  between 
two  CO  molecules  are  calculated.  Results  obtained  are  compared 
with  recent  experiments  and  theoretical  values.  It  is  pointed  out 
that  none  of  the  existing  calculations  gives  a complete  account  of 
the  available  experimental  data. 


7.  Distorted-Wave  Born  Calculation  of  Near-Resonant  Energy  Transfer 
The  distorted-wave  Born  calculation  for  transfer  of  one  quantum  of 
asymmetric  stretch  from  C02  to  N23^  and  N23‘~’  is  presented.  A 
spherically  symmetric  Lennard-Jones  6-12  potential  with  parameters 
derived  from  transport  properties  is  used  as  distorting  potential. 
The  energy  transfer  is  assumed  caused  by  dipole-quadrupole  coupling, 
i.e.  interaction  involving  the  transition  dipole  of  C02  and  the 
transition  quadrupole  of  • The  results  obtained  are  in  excellent 
agreement  with  those  obtained  earlier  using  a straight  path  as  the 
trajectory  during  the  intermolecular  collision  and  an  empirical 
recipe  for  summing  over  impact  parameters . 
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8.  Collision  Induced  Absorption  in  He-Ar  Mixture  - The  absorption 
coefficient  for  the  collision  induced  absorption  (CIA)  in  a He-Ar 
mixture  is  calculated  for  frequencies  between  67cm--*-  - 733cm-^-  in 
the  200-400°K  temperature  range.  Starting  with  a Lennard-Jones 
(6-12)  interatomic  potential  derived  from  atomic  beam  work,  the 
absorption  coefficient  is  computed  for  five  different  dipole 
moment  functions. 
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9.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 

The  original  objective  of  this  research  program  was  the  development 
of  basic  transition  metal  and  lanthanide  chemistry  in  areas  potentially 
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useful  for  fuel  cell,  superconductor,  and  laser  technology.  In 
connection  with  fuel  cell  technology,  transition  metal  compounds 
with  unusual  redox  properties  or  those  capable  of  catalyzing 
reactions  of  oxygen  with  fuels  were  of  particular  interest. 
Consideration  of  this  ultimate  application  led  to  the  development 
of  novel  transition  metal  chemistry  of  organophosphorus , poly- 
pyrazolylborate,  and  alkyl  isocyanide  ligands  as  well  as  new 
methods  for  the  synthesis  of  organophosphorus  compounds  of  types 
suitable  for  coordination  to  transition  metals.  Some  of  the  organo- 
phosphorus compounds  synthesized  during  the  course  of  this  research 
program  were  also  of  interest  as  antioxidants  in  aircraft  lubricating 
fluids.  Consideration  of  the  need  for  new  approaches  to  supercon- 
ducting materials  led  to  the  development  of  some  new  chemistry  of 
hexamethylbenzene  derivatives  of  niobium  and  tantalum.  Consideration 
of  the  need  for  new  laser  materials  led  to  the  discovery  of  new  lan- 
thanide coordination  compounds  of  macrocyclic  polyethers  as  well  as 
a new  method  for  lanthanide  separation  based  on  selective  adsorption 
on  a macrocyclic  polyether  column. 

The  results  of  this  work  can  be  grouped  into  the  following  major 
areas:  (a)  new  organophosphorus  derivatives  and  their  metal 

complexes,  (b)  polypyrazoly lborate  metal  complexes,  (c)  isocyanide 
metal  complexes,  (d)  niobium  and  tantalum  chemistry,  and  (e)  lan- 
thanide chemistry.  The  research  is  described  in  detail  in  the 
listed  publications. 
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Pedley,  and  G.  J.  Sharp,  J.  Organometa  1 1 i c Chem.,  66,  271  (197**). 

"Photochemical  Synthesis  and  e.s.r.  Characterisation  of  Stable  Trivalent  Metal 
Alkyls  (Si,  Ge , Sn)  and  Amides  (Ge  and  Sn)  of  Group  IV  Elements",  J.  D.  Cotton, 

C.  S.  Cundy,  D.  H.  Harris,  A.  Hudson,  M.  F.  Lappert  and  P.  W.  Lednor,  J.  Chem. 
Soc.  Chem.  Comm.  ,651  (197*0. 

"Homoysis  of  Metal-Carbon  and  Metal-Metal  Bonds:  Spin-Trapping  of  the  Resulting 
Carbon-and  Meta  1 -Cent red  Radicals",  A.  Hudson,  M.  F.  Lappert,  P.  W.  Lednor,  and 
B.  K.  Nicholson,  J.  Chem.  Soc.  Chem.  Comm.,  S66  (197*0- 

"CODATA  Recommended  Key  Values  for  Thermodynamics,  1973",  J.  B.  Pedley,  et . a 1 . , 

J.  Chem.  Thermodynamics,  7,  1 (1975) - 

"Binuclear  Organometa 1 1 i c Compounds.  Part  IX.  Nuclear  Magnetic  Double  Resonance 
Studies  of  Tin-119  Chemical  Shifts  in  Compounds  with  Transition  Metal -to-Tin- 
Bonds",  D.  H.  Harris,  M.  F.  Lappert,  and  J.  S.  Poland,  J.  Chem.  Soc. (Dal  ton) , 

3M  (1975). 


"Bonding  Studies  of  Transition  Metal  Complexes.  Part  II.  Helium-1  Photoelectron 
Spectra  of  Homol  ept  i c d_°  , d_'  , and  d_  ® tet  raki  s (d  i al  ky  lam  ides)  of  T rans  i t i on 
and  Group  IVB  Metals  and  Tungsten  Hexaki s (Di methyl  ami de) " , S.  G.  Gibbins,  M.  F. 
Lappert,  J.  B.  Pedley,  and  G.  J.  Sharp,  J.  Chem.  Soc.  (Dalton),  72,  (1975). 

9.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 


This  research  involved  the  study  of  the  bonding  and  thermochemistry  of  simple 
compounds  of  boron  and  the  Group  IV  Elements  silicon,  germanium  and  tin.  Values 
were  obtained  for  valence  shell  electrons  by  mass  spectrometric  ionization  pot- 
ential and  photoelectron  spectroscopy,  binding  energies  of  inner  orbitals  by 
X-ray  excitation  photoelectron  spectroscopy  (ESCA),  standard  heats  of  formation 
and  thermochemical  bond  energy  terms  with  a rotating  bomb  calorimeter,  bond 
dissociation  energies,  redistribution  reaction  equilibrium  constants  and 
thermodynami c and  spectroscopic  parameters  by  NMR,  NQR  and  magnetic  circular 
d i chro i sm. 


Thermodynamic,  kinetic,  and  spectroscopic  data  of  various  types  have  been 
gathered  and  are  relevant  to  interpretations  of  bonding  and  stability  of  com- 
pounds related  to  important  structural  materials,  including  glasses  and  polymers 
and  to  potential  high  energy  fuels. 
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Measurements  were  made  of  heats  of  hydrolysis  of  numerous  compounds  of  the  type 
Me-jM-X[Me  = CH,;  M = Si,  Ge , or  Sn;  and  X = Cl,  Br,  I,  OMe,  SC^Hg-n,  NMe2,  NMe 
(MMe^) , N(MMegT2»  anc'  NH(MMej)].  From  these  data,  standard  heats  of  formation 
were  obtained,  and  calculations  led  to  the  thermochemical  bond  energy  terms  E 
(M-Hal),  E(M-O),  E(M-S)  amd  E(M-N).  The  results  are  of  interest  in  connection 
with  Group  trends  and  questions  of  M-X  d^ -£n  bonding,  as  well  as  of  the 
relative  "hardness"  or  "softness"  of  the  ions  MegM+. 

Measurements  were  made  of  heats  of  combustion  of  simple  silicon  compounds,  such 
as  (MegSi^O,  MegS^,  and  Et^Si.  A rotat  i ng-bomb  calorimeter  was  constructed 
and  worked  satisfactorily. 

Measurements  of  first  ionisation  potentials  of  all  the  twenty  boron  halides 
BXX'X"  and  of  other  simple  boron  compounds  was  carried  out  mass  spectrometrical ly 
and  the  results  analysed  by  quantum  mechanical  methods. 

Measurements  of  MB  nuclear  magnetic  spectra  for  BXX 1 X"/BYY [ Y"  systems.  These 
have  provided  equilibrium  constants  for  red i st r ibut i on  and  1 1 B/  F coupling 
constants . 

Measurements  of  photon-excitation  photoelectron  spectra  were  made  for  simple 
compounds  of  BXX'X".  This  study  provided  the  energies  of  the  four  or  five 
highest  occupied  orbital  energy  levels  and  their  assignments  according  to 
symmetry  and  bonding. 

Measurements  of  photon-excitation  photoelectron  spectra  were  made  for  simple 
Group  III  compounds  2MX,  ^£*6 (M  = A1 , Ga , or  In;  X = Cl  or  Br)  have  been 

carried  out  at  various  temperatures.  This  has  allowed  the  spectra  both  of 
monomers  and  dimers  to  be  recorded. 

Measurements  of  photon-excitation  photoelectron  spectra  were  made  for  simple 
derivatives  of  silicon,  phosphorus,  and  also  of  other  Group  IV  elements,  and 
of  transition  metals. 

Measurements  were  made  of  X-ray-excitation  photoelectron  spectra  of  some  simple 
boron  compounds,  such  as  B(0H)_,  NaBF^.  In  this  study,  the  ls^  boron  orbital 
binding  energy  was  examined  as  a function  of  ligands,  charge,  and  co-ordination 
number . 

1 1 9 

Measurements  were  made  of  Sn  Mossbauer  spectra  of  organotin  compounds,  parti- 
cularly those  of  formula  Me,Sri-X;  of  special  interest  have  been  compounds 
having  tin-metal  bonds.  i 

1 1 9 

Heteronuc lear  double  resonance  and  'Indor'  spectra  were  used  to  obtain  Sn 
chemical  shifts,  and  where  appropriate,  coupling  constants  for  the  organotin 
compounds.  Exceptionally  low-field  chemical  shifts  in  species  with  light 
transition  metal  atoms  are  attributed  to  a large  paramagnetic  contribution 
arising  from  small  average  excitation  energies  associated  with  £ jj-  d_  jf  bond  i ng . 

Electron  spin  resonance  (e.s.r.)  spectra  have  been  used  to  characterize  the 
unusually  stable  trivalent  metal  alkyls  (Si,  Ge , or  Sn)  and  amides  (Ge  or  Sn) 
of  formulae  M[CH  (S  i Me  j)  ^ ^ anc*  M[N(SiMe2)j. 
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"Bistrifluoromethyl  Peroxide.  II.  Kinetics  of  the  Decomposition  to 
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8.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 

The  focus  of  the  research  has  been  on  the  chemistry  of  fluorine  and 
its  compounds.  The  unique  nature  of  fluorine  manifests  itself  in  the 
high  reactivity  of  the  element  itself  and  in  the  interesting  and 
unusual  properties  that  fluorine  imparts  to  compounds  when  it  is 
incorporated  in  them.  Both  of  these  aspects  are  pertinent  to  the 
interests  of  the  U.S.  Air  Force  in  that  fluorine  itself  and  fluorine- 
containing  compounds  are  capable  of  acting  as  ingredients  of  high 
energy  propellants  on  the  one  hand,  and  also  yield  lubricants, 
insulators,  etc.  of  great  chemical  inertness  on  the  other  hand. 

The  research  covered  in  this  program  falls  rather  naturally  into 

two  parts.  The  first  part  of  the  research  dealt  with  the  interesting 

equilibrium: 

CF3OOCF3  ^ CF3OF  + COF2 

Rather  profound  effects  of  fluorine  substitution  have  been  noted. 
Measurements  of  the  thermodynamic  properties  of  the  above  system 
have  been  performed.  It  is  interesting  that  the  corresponding 


reaction  for  the  hydrogen  analog: 

ch3ooch3  -►  ch3oh  + ch2o 

is  not  an  equilibrium,  but  an  irreversible  reaction.  The  particular 
nature  of  fluorine,  among  others,  the  relative  weakness  of  its  bond 
to  oxygen,  results  in  a reversible  nature  to  the  reaction  which  in 
turn  leads  to  a particular  stability  of  the  perf luorinated  peroxide 
since  it  has  no  easy  route  to  destruction.  A second  effect  of 
fluorine,  illustrated  in  the  above  case,  is  its  effect  on  other 
bonds  in  molecules  in  which  it  is  incorporated.  In  the  above  case 
the  result  is  a substantially  increased  oxygen-oxygen  bond  in  the 
peroxide . 

The  second  phase  of  research  has  been  involved  with  the  little- 
studied  homolytic  bimolecular  substitution  reaction,  designated 
SH2 . A consequence  of  the  strong  bond  that  fluorine  forms  to 
carbon  and  the  weak  one  that  it  forms  with  itself  is  that  the 
reaction  of  fluorine  with  fluorocarbons  is  peculiarly  well-suited 
to  the  study  o f Sh2  reactions . 

AFOSR  Program  Manager:  J.  T.  Viola 
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9.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 


Glasses  are  solids  with  no  long-range  order.  Direct  tools  to  obtain 
structural  information  such  as  x-ray  diffraction  are  inadequate.  In  order 
to  predict  and  make  improvements  on  chemical  and  physical  properties  of 
glasses,  additional  structural  information  is  necessary.  This  can  be 
obtained  through  indirect  means  such  as  by  the  measurement  of  physical 
properties.  The  objectives  of  this  program  are  to  obtain  structural 
information  by  direct  and  indirect  means  so  that  new  glasses  of  improved 
properties  can  be  made  by  existing  or  new  techniques. 

The  main  experimental  emphasis  of  this  project  has  been  directed  towards 
the  measurement  of  flow  and  ionic  conductivity  of  oxide  glasses  as  a function 
of  specific  volume  at  various  temperatures.  Simultaneously  theoretical 
studies  were  carried  out  on  the  calculations  of  hardness  and  elastic  moduli 
of  glasses.  As  a result  of  this  two-prong  approach  equations  were  derived 
which  permitted  the  direct  calculation  of  hardness  and  elastic  moduli  of 
numerous  oxide  glasses.  On  the  experimental  side,  new  glasses  with  hardness 
values  higher  than  all  known  glasses  have  been  prepared.  Patent  applications 
are  now  pending. 

Measurements  of  ionic  conductivity  and  viscous  flow  under  pressure  have  led 
to  the  development  of  three  new  techniques  to  strengthen  glasses  by  chemical 
ion  exchange.  Ultra  high  strength  glasses  can  now  be  obtained  through  ion- 
exchange  in  significantly  shorter  times  than  those  which  are  currently 
necessary.  Patent  applications  are  also  pending. 

Program  Manager:  R.  W.  Haffner,  Lt  Colonel 
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Rapid  Scanning  Spectroscopy:  Prelude  to  a New  Era  in  Analytical  Spectro- 
scopy: Prelude  to  a New  Era  in  Analytical  Spectroscopy,  " R.  E.  Santini, 

M.  J.  Milano  and  II.  L.  Pardue,  Anal,  Cheni.  45 , 915A  (1973), 

Design  and  Evaluation  of  a Vidicon  Scanning  Spectrometer  for  Molecular 
Absorption  and  Atomic  Emission  Spectroscopy,"  M.  J.  Milano,  H.  L. 

Pardue,  T.  Cook,  R.  E.  Santini,  D.  W.  Margerum  and  J.  M.  T,  Raycheba, 

Anal.  Cheni,  46,  374  (1974). 

Kinetics  of  Oxidation  of  Cobalt(II)  Complexes  of  Ethylenediaminetetraacetate 
and  Cyclohexanediaminetetraacetate  by  Halogens,  W.  H.  Woodruff,  B.  A. 
Burke  and  D.  W.  Margerum,  Inorg.  Chem.  1 3,  2573  (1974). 

The  Oxidation  of  Aminopolycarboxylate  C omplexes  of  Bivalent  Transition 
Metals  by  Halogens:  Mechanism  and  Free  Energy  Relationships,"  W,  H. 

Woodruff  and  D.  W.  Margerum,  Inorg,  Chem.  1 3 , 2578  (1974). 

"Evaluation  of  a Vidicon  Scanning  Spectrometer  for  Ultraviolet  Molecular 
Absorption  Spectroscopy,'  M.  .1.  Milano  and  H.  E.  Pardue,  Anal.  Chem. 

Al_,  25  (1975). 

"Simultaneous  Kinetic  Analysis,  " C.  M.  Ridcer  and  D.  W.  Margerum, 
in  press. 

Kinetics  of  Cyanide  Ion  Attack  on  the  1 , 2-trans -Cyclohexanedinitrilo- 

N,  _N,  _N_  , _N_  -tetraacetatonickelatelll)  Complex,  " D.  C.  Young,  J.  Vasiliades 
and  D.  W.  Margerum,  (in  preparation) 

"Computer  Controlled  Instrumentation  for  Stopped-Flow  Studies,"  H.  L. 
Pardue,  L.  G.  Hargis,  R.  W.  Taylor,  and  H.  Gaw.  (in  preparation) 

"Error  Analysis  for  Two  Point  Kinetic  Analyses,"  H.  L.  Pardue  and 
R.  W.  Taylor,  (in  prepartion) 

9.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 

The  main  areas  of  research  in  this  project  have  concerned  the  improved 
detection  of  chemical  species  in  stopped-flow  spectroscopy  and  the  appli- 
cation of  kinetic  methods  to  chemical  analyses.  The  research  has  included: 
Development  of  Rapid  Scanning  Spectrometers  using  Vidicon  Tubes,  Develop- 
ment of  Computer-Controlled  Stopped- Flow  Studies,  Kinetic  Methods  of  A 
Analysis,  Kinetics  of  Oxidation  of  Aminopolycarboxylate  Complexes  of 
Bivalent  Metal  Ions  by  Halogens,  and  the  Detection  of  Chloramines  and  the 
Chemistry  of  Chloramines. 

The  development  of  the  rapid  scanning  spectrometer  included  the  adapting 
of  the  spectrometer  to  an  on-line  computer,  evaluation  of  the  character- 
istics of  vidicon  detectors,  and  application  to  molecular  and  atomic 
spectroscopy.  This  research  area  represented  the  first  account  of  the 
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quantitative  behavior  of  a vidicon  tube  over  any  significant  dynamic  range 
and  illustrated  qualitatively  the  application  to  reactions  involving  inter- 
mediates. I he  results  demonstrated  applications  of  the  computer  inter- 
faced vidicon  spectrometer  for  quantitative  studies  of  fast  reactions  involving 
short  lived  intermediates,  as  well  as  demonstrating  a linear  dynamic 
range  of  four  orders  of  magnitude  for  the  silicon  target  vidicon,  including 
applications  to  simultaneous  multi-clement  determinations.  The  capabilities 
of  the  vidicon  spectrometer  were  extended  into  the  ultraviolet  region  and 
included  a study  of  the  source  of  error  in  the  system. 

The  development  of  a completely  automated  and  computer  controlled  instru- 
mental analytical  system  included  a hierarchiacal  arrangement  of  a mini- 
computer and  a microcomputer  in  which  the  minicomputer  sets  up  the 
system  protocal  and  handles  dat  acquisition,  processing,  and  display,  while 
the  microcomputer  controls  reagent  preparation  and  stopped-flow  mixing 
functions . 


The  kinetic  methods  area  included  the  development  of  instrumental,  computer, 
statistical,  and  chemical  methods  for  simultaneous  kinetic  analysis. 
Accomplishments  in  this  area  included  the  development  of  chemical  methods 
for  the  simultaneous  analysis  of  mixtures  of  aminopolycarboxylic  acids  and 
for  trace  detection  of  NTA.  Chemical  methods  were  also  developed  for  the 
simultaneous  analysis  of  mixtures  of  zinc,  cadmium,  mercury  and  copper 
using  zincon.  Results  were  obtained  for  simultaneous  determination  of 
metal  ions  on  an  inexpensive  analog  system  capable  of  processing  data 
graphically  from  two  component  first-order  reactions. 

In  the  kinetics  of  oxidation  study  of  aminopolycarboxylate  complexes  of 
bivalent  metal  ions  by  halogens,  the  mechanisms  of  oxidation  of  M11  Lr~ 
to  the  M111  complexes  by  X2  and  X^'  were  studied  where  M is  Fe,  Co, 
and  Mn,  and  L is  EDTA  and  CyDTA.  In  addition,  the  rate  constants  for 
the  reactions  of  IIOBr  and  OBr"  were  determined  for  the  Co"  complexes. 
Some  of  the  main  conclusions  from  this  work  are  as  follows: 


1.  Self-exchange  electron-transfer  rate  constants  are  calculated 
to  be  8.  5 x 104  M-1  sec'1  for  I2 , I2'  and  29  KF 1 sec'1  for 
Br2,  Br2*.  These  values  are  the  first  to  be  obtained  for 
self-exchange  reactions  of  the  halogens  and  can  be  used  to 
predict  rate  constants  for  other  redox  reactions  of  these 
halogens.  The  values  are  unexpectedly  small. 

2.  The  rate  constants  for  the  halogens  with  Fe^L  are  9-11 
orders  of  magnitude  greater  than  those  of  the  analogous 
Mn11  and  Colr  reactions.  Nevertheless  a general  mechanism 
is  proposed  in  which  a one-electron  reduction  of  the  halogens 
takes  place  after  inner -sphere  coordination.  The  activation 
parameters  indicate  that  the  position  of  the  rate-determining 
step  differs  with  the  reactant  pairs  examined. 


The  rate  constants  for  the  reactions  of  Bri 


Br2,  IIOBr 


3.  

and  OBr'  with  Co"l^'  complexes  show  greatly  enhanced 
reactivity  for  hypobromous  acid  and  hypobromite  ion.  An 
inner-sphere  mechanism  is  proposed  where  the  coordinating 
ability  of  OBr'  is  important.  The  OBr'  rate  constant  is 
about  2.  5 x I04  times  larger  thant  the  Br,  rate  constant. 


4.  Steric  compression  effects  of  the  cyclohexane  ring 
explain  the  relative  rate  behavior  of  the  < yDTA  complexes 
compared  to  the  EDTA  complexes. 
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5.  Thermodynamic  parameters  and  redox  potentials  are 
calculated  for  ^"(aq),  I'(aq),  "(aq)  and  Br*(aq). 

Detection  of  Chloramines  and  the  Chemistry  of  Chloramines  occupies  a 
practical  area  of  research  in  that  the  chlorination  of  water  supplies  leads 
to  the  formation  of  chloramines  such  as  NH2CI,  NHCI2,  NCl-j  and 
C1NHCHRC OOH.  These  compounds  are  toxic  and  analytical  detection  of 
these  species  at  the  parts  per  billion  level  is  needed.  However,  there  is 
insufficient  knowledge  of  the  chemistry  of  the  interconversion  of  one 
chloramine  species  to  another,  the  chemical  reactivity,  and  the  stability  of 
cliloramines.  The  UV  rapid  scan  spectrometer  (vidicon)  and  stopped-flow 
experiments  have  been  used  to  characterize  some  of  the  chemical  behavior 
of  the  chloramines  at  millimolar  concentration  levels.  This  work  has  led 
to  the  first  determination  of  the  protonation  constant  of  monochloramine, 
log  K - 1.4.  Preliminary  studies  have  concerned  the  kinetics  of  formation 
of  NH2CI  from  NH3  and  the  kinetics  of  its  interconversion  reactions  to 
NHCI2  and  NCI  3 in  more  acidic  solutions. 

AFOSR  Program  Manager:  D.  W.  Elliott 
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9.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 

The  objective  of  the  research  was  to  obtain  basic  understanding  regarding  the 
nature  of  gas-solid  interactions  --  which  are  of  fundamental  importance  in 
chemisorption,  catalysis  and  other  surface  phenomena  --  by  performing  quantum 
mechanical  calculations  on  model  systems.  Because  of  the  complexity  of  the 
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problem,  one  of  the  important  contributions  of  this  research  was  simply  the 
investigation  of  various  quantum  mechanical  methods  and  models  of  a surface 
in  order  to  obtain  appropriate  methods  and  node  I s which  were  computationally 
feasible,  yet  accurate  enough  to  be  physically  meaningful.  Although  Molecular 
Orbital  Methods  were  investigated  at  three  levels  of  sophistication  and  models 
of  the  surface  were  used  which  involve  both  clusters  of  atoms  and  semi - i nf i n i te 
slabs,  one  thing  became  clear  at  the  outset  of  the  work.  That  is,  traditional 
Hartree-Foch  (HF)  ab  initio  me t hods  are  at  present  comput iona I 1 y far  too  demand- 
ing to  be  able  to  treat  a physically  interesting  system.  The  AFOSR  supported 
program  investigated  the  efficiency  of  the  following  three  methods:  (I)  the 

extended  Huckel  (EH)  method,  (2)  the  CNDO  method  and  (3)  the  self  consistent 
field  X-Alpha  scattered  wave  method  (SCF-Xa-SW) . We  used  the  CNDO  and  EH 
methods  to  investigate  chemisorption  of  simply  atoms  such  as  H,  0,  and  on 
clusters  of  graphitic  BN  and  on  a slab  of  graphite.  From  these  studies  as  well 
as  from  a number  of  unpublished  calculations,  it  was  learned  that  (1)  the  EH 
method  can  provide  a useful  description  of  certain  aspects  of  chemisorption  on 
non- t rans i t i on  metals  if  the  charge  transfer  between  any  two  atoms  in  the  system 
is  rather  small  (i.e.,  < .2e),  (2)  for  greater  charge  transfer,  a self  consistent 
method  is  essential  and  for  systems  composed  of  first  and  second  row  atoms,  the 
CNDO  method  can  provide  useful  information,  (3)  for  t rans i t iona 1 -meta 1 substrates, 
EH  and  CNDO  are  not  reliable,  only  the  SCF-Xa-SW  method  can  be  used. 


AFOSR  Program  Manager:  R.  W.  Haffner,  Lt  Col. 
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8.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 

The  research  performed  under  this  contract  was  directed  toward  the 
analysis  of  collisional  processes  involving  electrons,  ions  and 
molecules.  Collisional  processes  have  long  been  recognized  as 
being  of  substantial  interest  in  basic  physical  processes,  as  well 
as  in  a number  of  engineering  applications,  particularly  in  the 
fields  of  propulsion  and  power  generation.  The  amount  of  experi- 
mental data  is  limited  and  difficulties  are  encountered  in  making 
exact  measurements  at  low  energies.  Therefore,  a theoretical 
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approach  to  predict  kinetic  cross-sections  appeared  necessary.  The 
development  of  practical  approaches  and  their  implementation  through 
the  construction  of  efficient  computer  programs  for  predicting 
kinetic  cross-sections  comprise  the  goals  of  this  research  program. 
Research  was  performed  in  the  areas  of  electron-atom,  electron- 
molecule,  atom-atom,  and  molecule-molecule  collisions. 

A computer  code  has  been  developed  for  predicting  the  elastic  and 
inelastic  cross  sections  for  electron-atom  collisions  in  the  energy 
range-zero  to  near  threshold.  This  code  is  based  on  a non-arbitrary 
variational  formulation  for  expansion-type  scattering  which  indicate 
accuracies  comparable  to  the  best  ever  obtained,  but  with  total 
computation  times  of  only  seconds . 

Research  in  heavy  particle  collision  theory  was  directed  toward 
practical  solutions  of  the  coupled  differential  equations  describing 
scattering  for  resonant  or  near-resonant  processes  in  the  thermal 
energy  region.  Studies  were  also  carried  out  on  the  analysis  and 
classification  of  adiabatic  and  non-adiabatic  descriptions  of  low- 
energy  collisions.  The  system  Li  + Li+  was  examined  in  detail  for 
diabatic  collision  paths.  In  addition,  some  studies  of  collisional 
excitation  of  molecules  by  electron  impact  were  initiated.  A study 
of  the  temperature  dependence  of  dissociative-recombination  kinetics 
in  nitrogen  was  performed. 

A new  method  has  been  developed  for  calculating  upper  and  lower 
bounds  on  the  energies  of  resonance  and  Ramsauer-Townsend  states. 

This  method  is  based  on  the  theory  that  the  Kohn  variational 
technique  for  solving  scattering  problems  is  equivalent  to  a 
variational  method  for  calculating  a special  set  of  eigenfunctions 
in  terms  of  which  the  solution  to  the  scattering  problem  is  expanded. 

Studies  were  undertaken  of  the  theory  for  dipole-allowed  transitions 
in  diatomic  molecules.  A consistent  nomenclature  was  derived. 
Intensity  factors  such  as  f-numbers , Einstein  coefficients  and  band 
strengths  were  all  developed  in  an  interrelated  form. 

A procedure  was  developed  for  evaluating  bound-free  elements  by 
making  use  of  the  observation  that  an  electron  incident  on  a 
molecular  ion  can  be  regarded  as  an  ionized  Rydberg  state  of  the 
molecule,  AB . 

A new  method  has  been  developed  for  transformation  of  a basis  set 
of  one-electron  Slater  orbitals  to  an  orthogonal  framework  which 
resembles  most  closely  the  original  non-or thogonal  atomic  set. 

This  new  method  is  basically  a modification  of  a transformation 
suggested  by  Ldwdin  some  years  ago. 

New  computational  methods  based  on  the  f ree-electron  exchange 
approximation  va_  have  been  developed  during  the  past  year  and 
extended  ab  ini lio  procedures  have  been  studied  for  constructing 
potential  energy  surfaces.  The  new  method  under  study  is  based 
on  the  scattered  wave  formalism  which  has  been  applied  in  the  past 
to  solid  state  calculations.  The  two  basic  differences  between  this 
approach  and  an  at)  initio  approach  are:  1)  the  use  of  a localized 

exchange  potential,  thus  eliminating  the  problem  of  multi-center 
integrals  and  2)  the  use  of  a muffin-tin  or  constant  potential 
between  spheres  of  charge  centrally  located  on  the  atomic  nuclei. 
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The  release  of  certain  chemical  species  into  the  upper  atmosphere 
results  in  luminous  clouds  that  display  the  resonance  electronic- 
vibrational-roatation  spectrum  of  the  released  species.  Such 
spectra  are  seen  in  rocket  releases  of  chemicals  for  upper  atmos- 
pheric studies  and  upon  reentry  into  the  atmosphere  of  artificial 
satellites  and  missiles.  Of  particular  interest  in  this  connection 
is  the  observed  spectra  of  certain  metallic  oxides.  From  band 
intensity  distribution  of  the  spectra,  and  knowledge  of  the  f-values 
for  electronic  and  vibrational  transitions,  the  local  conditions 
of  the  atmosphere  can  be  determined. 

Present  theoretical  efforts  which  are  directed  toward  a more  complete 
and  realistic  analysis  of  the  transport  equations  governing  atmos- 
pheric relaxation  and  the  propagation  of  artificial  disturbances 
require  detailed  information  of  thermal  opacities  and  LWIR  absorp- 
tion in  regions  of  temperature  and  pressure  where  molecular  effects 
are  important.  Because  of  inherent  difficulties  in  the  experimental 
determination  of  such  properties,  a theoretical  program  for  calcu- 
lating band  absorption  and  emission  coefficients  was  initiated. 

This  theoretical  program  is  based  on  current  quantum  mechanical 
techniques  and  capabilities  for  determining  electronic  and  vibra- 
tional transition  probabilities. 

Calculations  have  been  performed  for  band-to-band  transition 
probabilities.  The  systems  under  study  were  NiO,  ThO , ThO+ , CuO 
and  CrO.  Electronic  wave f unct ions  have  been  constructed  for  selected 
states  of  these  molecules  and  expectation  values  of  the  electronic 
energy  and  electric  dipole  transition  moments  have  been  calculated. 
The  calculated  electric  dipole  transition  moments  were  combined 
with  accurate  numerical  vibrational-rotational  wavef unctions , based 
on  RKR  potential  functions,  to  yield  estimates  of  the  system 
f-numbers.  Data  are  presented  for  the  transitions  ( ■ II  of 

NiO,  (3n  - 1 E + ) of  CrO  and  (A,JI+  - X1I  + ) of  ThO. 

AFOSR  Program  Manager:  J.  T.  Viola 
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9.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 

These  studies  of  high  temperature  molten  electrolytes  have  the  objective 
of  understanding  the  nature  of  the  electron  in  the  solutions  that  result 
when  an  alkali  metal  is  dissolved  in  an  alkali  metal  halide.  The 
properties  of  such  solutions  are  intermediate  between  those  of  pure 
molten  salts,  on  the  one  hand,  and  of  pure  liquid  metals,  on  the  other. 
Superimposed  upon  the  electrolytic  transport  properties  due  to  cations 
and  anions  is  the  contribution  made  by  electrons.  This  contribution 
does  not  appear  to  be  a simple,  additive  one,  and  it  is  the  goal  to 
delineate  the  nature  of  the  interaction  between  the  mobile  electron 
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with  positive  and  negative  ions  and  the  manner  in  which  this  inter- 
action varies  with  temperature  and  the  concentration  of  dissolved 
metal . 


Although  the  focus  of  this  research  is  upon  the  alkali  metals  and 
their  halide  salts,.  it  is  a problem  with  much  broader  implications. 
Mixed  ionic/electronic  molten  electrolytes  include  the  alkaline 
earth  and  rare  earth  metals  in  their  corresponding  halide  salts,  as 
well  as  copper  in  cuprous  sulfide.  In  fact,  numerous  metals  have 
a small  but  finite  solubility  in  their  molten  cha lcogenides , a fact 
which  has  relevance  for  their  high  temperature  corrosive  failure. 

The  purpose,  of  understanding  the  electron-ion  plasma  electrolytes, 
which  are  formed  when  an  alkali  metal  is  dissolved  in  a molten  alkali 
halide  having  a common  cation,  has  been  considerably  advanced 
through  the  studies  of  the  electrical  conductance,  the  magnetic 
susceptibility,  the  electron  spin  resonance,  and  the  freezing  point 
lowering  of  these  metal-metal  halide  electrolytes. 

The  significant  conclusions  are: 

1.  At  low  dissolved  metal  concentrations  the  valence  electron  of 
the  solute  metal  is  locally  trapped  in  a cage  of  its  nearest-neighbor 
anions,  in  a state  that  closely  resembles  that  of  the  F-center  in 

the  corresponding  additively  colored  crystalline  alkali  halide. 

2.  The  electrolytes  are  semiconductors  at  low  to  moderate  dissolved 
metal  concentrations.  The  electronic  and  ionic  contributions  to 
the  electrical  conductance  are  equal  at  approximately  1 mole  percent 
dissolved  metal;  above  this  concentration  the  electrical  conductance 
is  dominated  by  a thermally  activated  electron  hopping  mechanism. 

3.  The  non-metal-to-metal  transition  is  broad,  occurring  at  40  mole 
percent  cesium  in  the  Cs-CsCl  system  and  at  20  mole  percent  rubidium 
in  the  Rb-RbCl  system. 

4.  Analysis  of  freezing  point  depression  data  for  the  Cs-CsCl  and 
Rb-RbCl  systems  reveals  larae  positive  excess  free  energies  of 
solution  (5-6  k . cal .mole- * ) , verifying  the  predictions  of  Pitzer's 
F-center  model . 

5.  Electron  spin  resonance  of  the  valence  electron  of  the  dissolved 
metal  was  observed  in  the  molten  Na-NaCl  system.  The  electronic 

g value  shows  a dramatic  decrease  with  dissolved  metal  concentration, 
which  is  qualitatively  interpreted  in  terms  of  the  transition  from 
the  localized  F-center- 1 ike  state  to  extended  states  of  the  electron. 

6.  Magnetic  susceptibility  measurements  reveal  the  existence  of 
nondegenerate  localized  states  of  the  electron  at  low  dissolved 
metal  concentration,  with  increasing  spin-paring  as  the  metal  concen- 
tration is  increased. 

AFOSR  Program  Manager:  D.  W.  Elliott 
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9.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 

The  objective  of  this  research  was  to  prepare  rotaxane  compounds 
by  an  improved  procedure  and  to  study  their  physical  and  chemical 
properties.  Rotaxanes  are  unique  in  that  two  different  molecules 
are  held  together  by  interlocking  but  not  by  a chemical  bond. 

Although  several  intermediates  were  prepared  successfully,  all 
attempts  to  prepare  rotaxane  compounds  through  coupling  reactions 
failed  to  yiel'  appreciable  amounts  of  the  desired  rotaxanes. 

A new  synthesis  of  benz i a ) pyrene  derivatives  was  worked  out.  This 
work  is  being  written  up  for  publication.  Also,  a paper  entitled, 
"High  Dilution  Cyclization  of  Polyoxapentacosanodinitriles  has  been 
submitted  for  publication  in  the  Journal  of  Organic  Chemistry. 
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9.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 

Fundamental  electrochemical  studies  of  a variety  of  solute  species,  both 
inorganic  and  organic,  have  been  carried  out  in  aluminum  halide  based 
melts,  mainly  the  AlCI3:NaCI  (1:1)  sys‘?m,  but  also  in  the  room  temper- 
ature melt,  ethylpridinium  bromide  - Ald3  (1:2).  Chemical  equilibrium 
measurements  have  been  made  to  determine  the  solvent  equilibrium  in  the 
AlCl3-NaCl  system.  Several  metal  ions  - species  of  Ee,  Cu  and  Ag  - 
have  been  studied  in  the  melt  as  well  as  a number  of  organic  amines. 

The  oxidation  of  tetramethylbenzidine  has  been  studied  in  detail  and  a 
mechanism  developed.  The  electrochemical  behavior  of  benzoquinone  and 
tetrachloroquinone  has  been  studied  employing  chronoamperometric,  pulsed 
voltammet  ric , cyclic  voltammetric , rotating  disc  and  coulometric  techniques. 

Studies  of  nitrogen  oxides,  sulfur  and  molybdenum  oxides  have  been  carried 
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out  in  the  Alt  lj -Na(  1 system.  The  NO-NO1  couple  has  been  found  to 
have  very  fast,  reversible  kinetics.  Sulfur  is  quantitatively  reduced  to 
sulfide  in  both  the  basic  and  acid  melts;  a number  of  metal  sulfides  have 
been  found  to  be  quite  soluble  in  the  acid  melts.  Sulfur  appears  to  be 
oxidized  to  b , and  to  other,  a.‘  yet  unknown,  species.  l’he  oxides 
and  oxychlorides  of  molybdenum  are  electroactive,  but  very  complex  in 
behavior.  Mol  VI)  is  reduced  to  MOtlll);  additional  elect  rochemistry  has 
not  yet  been  sorted  out.  Use  has  been  made  of  the  first  ring-disc 
electrode  fabricated  for  molten  salt  work  in  these  studies. 

The  oxidation  of  hexamethylbenzene  lias  been  studied  in  the  room-temperature- 
melt  and  the  products  identified  as  penta-  lor  tetra)  methylbenzene  and 
diphenylmethane.  The  behavior  of  two  iron-diimine  complexes  has  also 
been  studied  in  this  melt. 

An  important  part  of  the  study  was  a procedure  for  melt  purification, 
initial  melt  preparations  are  usually  light  straw’  colored,  and  prolonged 
pre -electrolysis  between  two  aluminum  electrodes  results  in  removal  of 
all  color  and  a water-like,  absolutely  clear  solution.  Since  all  the 
experimental  work  was  carried  out  in  Vacuum  Atmospheres  clry  boxes, 
the  standard  procedure  followed  was  to  prepare  large  batches  of  molten 
N a A 1 <1  and  pipet  aliquots  into  the  cells  used  for  detailed  experimentation. 

there  was  an  interest  in  exploring  the  behavior  of  a number  of  metal  ions. 
C'u,  \g,  and  Fe  we  re  studied  by  a variety  of  techniques;  cyclic  voltammetry, 
potentiometry,  and  normal  pulse  voltammetry  1 7).  Fe  was  of  particular 
interest,  because  it  had  been  felt  that  the  straw'  color  of  the  impure  melt 
was  due  to  iron.  Silver  was  of  interest  because  it  was  desirable  to  find 
a metal/metal  ion  couple  independent  of  pC  1 ” to  use  as  a reference.  Cu 
was  chosen  because  the  guess  was  that  the  (I)  and  (II)  states  might  show 
different  p<  1 dependencies.  The  resultant  work  indicated  that  Fe  electro- 
chemistry is  very  straight  forward;  Fe(IIl)  is  reduced  to  Fe(II)  and  then 
to  the  metal.  Within  the  scope  of  the  quantitative  methodology  employed  - 
pulse  voltammetry  - the  electrode  processes  appear  reversible.  The 
Ag/Agll)  couple  had  only  a slight  change  in  standard  potential  - from  1.086 
to  1.  106  on  changing  from  the  1:1  to  the  2:1  melt  which  indicates  little 
effect  of  the  formation  of  chloro  complexes.  Cu,  on  the  other  hand,  formed 
( u(  b , as  deduced  from  E.M.F.  - |Cu‘]  plots,  and  the  equilibrium  constant 
was  determined  by  appropriate  curve  fitting.  E°  values  for  Cu  1 - Cu  1 
and  Cu  - Cu  were  determined. 

Both  l et  1?  and  Out'.  1 had  limited  solubility  in  the  basic  melt.  It  was 
almost  impossible  to  anodize  Fe  [to  form  Fe(ll)|  into  the  melt  in  the  basic 
system.  When  the  melts  were  acidified  (Alt' 1 ^-NaC'l),  these  solubility 
problems  disappeared.  In  summary,  the  electrode  processes  for  the 
pertinent  Ag,  Cu,  and  Fe  couples  were  reasonably  "well  behaved. 

Since  a good  deal  of  the  AF  1^  melt  literature  remarks  on  the  pale  yellow" 
melt  coloration,  and  since-  it  was  found  that  apparently  high  melt  purity 
can  be  attained  by  pre-electrolysis  and  can  be  maintained  in  a good  dry- 
box  atmosphere,  it  was  sought  to  obtain  evidence  for  Alt  I)  existing  in  the 
melt.  A number  of  low-valent  entities  have  been  identified  in  these  melts 
at  high  acidities  and  the  question  of  A 1 < I ) seemed  to  be  less  than  settled. 
Prolonged  pre-electrolysis  between  two  aluminum  electrodes  resulted  in  a 
dark  deposit  forming  in  the  cathode.  Analysis  of  the  deposit  by  emission 
spectrography  after  extraction  of  the  adherent  salt  wdth  liquid  SO?  (13) 
indicated  the  major  metallic  constituents  to  be  B,  Sn,  Mn,  and  A 1 . Once 

this  "dark"  deposit  formed,  no  further  deposit  formed  on  a fresh  A1 
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surface  after  melts  had  been  purified  by  sufficient  periods  of  pre-electrolysis 
Electrodeposition  and  stripping  were  carried  out  at  constant  current  at  both 
tungsten  and  vitreous  carbon  electrodes.  The  efficiency  of  the  plating/ 
stripping  process  was  found  to  be  100  in  terms  of  A 1 (HI)  reduction  to  the 
metal  and  oxidation  back  to  the  t 3 state.  In  the  range  of  apparent  current 
densities  0.01-6,30  mA  cm'  , in  both  the  1:1  and  2:1  molar  AlGl^-NaC  I 
systems,  no  deviation  from  a faradaic  three  electron  yield  could  be 
established.  If  the  electrode  were  open  circuited  between  deposition  of 
A!  0)  and  its  stripping,  then  a small  corrosion  process  was  detected,  in 
both  acid  and  basic  melts,  which  corresponded  to  a joss  of  9 x 10"'^ 
moles  A 1 / cm"  /sec , compared  to  a value  at  least  10J  higher  quoted  elsewhere 
Thus,  it  was  concluded  that  reports  of  Aid),  at  least  in  the  A1C1  -Nad 
system  in  the  175°C  range,  are  due  to  impurities;  that  is,  electroactive 
substances  tend  to  oxidize  A 1(0),  which  gives  an  apparent  anodic  current 
efficiency  greater  than  predicted. 

An  increased  interest  in  studies  of  oxygenated  entities  which  might  have 
potentialities  as  battery  cathodes  in  Na<  I - A 1 C ] ^ systems  encouraged  the 
group  to  return  to  the  study  of  N-O  work.  To  do  this,  it  was  decided  to 
attempt  to  fabricate  a high-temperature  ring  disc  electrode.  While  they 
had  previously  utilized  a rotating -disc  electrode  system,  sealing  vitreous 
carbon  into  pyrex  by  an  established  procedure,  no  ring-disc  electrode  had 
been  made. 

The  ring  disc  electrode  employs  glassy  carbon  G.C  . 30  pipe  (6  mm  internal 

diameter)  and  glassy  carbon  G.  ( . 30  rod  (3  mm  diam.  ),  obtained  from 
I okai  Electrode  Mfg.  I.td.  I he  electrode  consists  of  an  8 mm  glassy  carbon 
disc  with  an  annular  ca,  I mm  glass  separator  and  an  approximately  ?.  mm 
wide  disc.  Detection  at  the  ring  of  electroactive  intermediate  species 
formed  at  the  disc  depends  on  the  "transit  time"  - the  time  required  for 
the  hydrodynamic  transport  of  material  from  the  disc  across  tin-  glass 
space  to  the  ring.  The  transit  time'  in  the  Alt'  1 j-NaU  system  is  also 
increased  by  the  greater  viscosity,  and  attendant  smaller  diffusion 
coefficients  found  in  this  melt.  Nevertheless,  calculations  indicate  that  at 
10,000  r.  p.  m.  one  whould  be  able  to  detect  an  electroactive  intermediate, 
produced  at  the  disc  and  decaying  by  first  or  pseudo-first  order  kinetics, 
with  a half-life  of  the  order  of  10  msec.  It  is  felt,  that  one  can  operate 
at  rotation  rates  considerably  in  excess  of  10,000  r.p.m.  , which  is  the 
maximum  value  for  the  current  rotator.  Hence,  halflives  less  than  10  msec 
may  bo  attainable. 

The  present  electrode  , however,  is  eminently  satisfactory  in  that  it  permits 
a technique  of  great  flexibility  and  utility  to  be  successfully  employed  under 
very  stringent  experimental  conditions  in  molten  salts. 

The  electrode  s thus  far  fabricated  have  only  been  employed  in  solvents  at 
up  to  200n(  . However,  since'  they  are  heated  to  above  (,00°(  during 
fabrication,  it  is  conceivable  that  they  may  also  be  useful  in  higher 
temperature  systems,  such  as  K<  1 - I .it  I;  the  coe-fficients  of  thermal 
expansion  of  pyrex  and  vitreous  carbon  are  sufficiently  different  to  suspect 
that  some  leakage  may  occur  at  higher  temperatures.  However,  the 
nature  of  the  electrode  construction  and  possible  wetting  of  the'  carbon  by 
the  glass  may  act  in  concert  to  permit  operation  in  excess  of  200n(  . 

This  Group  has  also  demonstrated  the  first  reasonable  electrochemical 
synthesis  in  a molten  salt  system.  In  a mixture  of  2:1  aluminum 
chloride:ethy lpy rielinium  bromide  melt  and  benzene  t-H  : 1 volume'  melt: 
benzene)  hexamethylbenzene  can  be-  anodic  ally  oxidized  at  either  tungsten 
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or  vitreous  carbon  electrodes  to  pentamethylbenzenc  and  diphenylmethane. 
The  synthetic  scope  of  this  Friedel-C rafts  like  reaction  in  which  product 
and  current  yields  approach  lOO^o  is  potential  dependent,  i.  e.  , the  reaction 
can  be  set  at  a potential  to  yield  pentamethyl  - or  tetramethylbenzene  and 
diphenylmethane.  In  short,  hexamethylbenzene  can  be  selectively  and 
quantitatively  demethylated  to  mesitylene  and  diphenylmethane.  Clearly, 
the  chemical  nature  of  the  molten  salt  medium  itself  determines  the  kinds 
of  products  obtained  as  well  as  their  relative  distribution  after  the  initial 
electron  transfers. 

The  mechanism  of  this  surprisingly  clean  and  quantitative  electrode  reaction 
is  currently  being  studied,  utilizing  a variety  of  electrochemical  methods, 
including  the  ring -disc  technique. 
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9.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 

Work  on  atom-molecule  and  ion-molecule  reactions  in  flow  systems 
has  made  steady  progress.  Current  work  is  concerned  with  radical 
reactions  involving  methyl  nitrite  and  related  species  and  with 
ion-molecule  reactions  involving  species  containing  sulphur  and 
cyanide.  Flame  work  of  Dr.  Phillips  and  his  research  group 
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currently  emphasizes  the  detailed  comparison  of  numerical  simulation 
results  and  experimental  findings  about  breakdown  processes  in  the 
primary  reaction  zone  of  a flame.  The  reaction  of  NO  with  Nil  which 
has  been  studied  in  the  flames  is  interesting  as  a possible  means 
of  removing  NO  from  engine  exhaust  gas.  Thus  it  is  of  great  poten- 
tial importance  in  relation  to  the  alleviation  of  photochemical 
smog  and  SST  pollution  of  the  stratosphere. 

Work  on  58.4  nm  photolyses  of  small  molecules  and  the  fluorescence 
of  excited  molecular  ions  generated  during  such  photolyses  came 
to  a natural  end  at  about  the  same  time  as  the  supply  of  thin 
(100  nm)  aluminium  windows  ran  out.  These  windows  are  needed  to 
transmit  the  helium  resonance  radiation. 

Phase-shift  studies  of  excited  atom  reactions  continue;  the  Hg(^P  ) 
work  is  now  concentrated  on  the  emission  bands  of  Hg.-,.  Other  wor$ 
involves  excited  xenon  atoms,  hydrogen  atoms  and  cadmium  atoms. 
Reviews  of  the  uses  of  the  phase-shift  technique  and  of  the  Hg(3pQ) 
work  have  been  published.  Numerical  simulation  studies  of  the 
quenching  and  trapping  of  resonance  radiation  have  reached  the 
point  at  which  there  is  good  agreement  with  experimental  data. 

The  most  interesting  new  directions  are:  (i)  the  use  of  the 

phase-shift  technique  in  conjunction  with  an  esr  spectrometer; 

(ii)  relaxation  studies  involving  the  interconversion  of  Hg(^PQ) 
and  Hg(3p2>  with  the  aid  of  a pulsed  tuneable  laser. 
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9.  ABSTRACT  OP  OBJECTIVES  AND  ACCOMPLISHMENTS: 

Ileteropoly  oxometallate  complexes  ( 1 heteropoly  anions  ) of  tungsten, 
molybdenum  and  vanadium,  have  been  the  subject  of  this  research  program. 
Die  aims  have  been  (a)  to  synthesize  new  complexes  that  might  be  expected 
to  have  unusual  properties,  and  (b)  to  explore  and  exploit  properties  of 
heteropoly  anions  in  general.  The  properties  of  principal  interest  are 
those  associated  with  the  electronic  structures  of  heteropoly  anions: 
oxidation-reduction  (intermolecular  electron  transfer)  properties  of  new 
species  containing  transition  metals  in  uncommon  oxidation  states;  internal 
electron  transfer  processes  in  mixed  valence  complexes;  optical  absorption; 
and  magnetic  exchange.  The  structures  of  heteropoly  anions  resemble 
discrete  symmetrical  fragments  of  close-packed  metal  oxide  lattices,  and 
the  principles  underlying  the  applications  of  the  latter  materials  las  semi- 
conductors, ferrite  magnets,  heterogeneous  catalysts,  lasers,  etc.  1 can 
be  elucidated  by  study  of  the  former.  Not  only  are  heteropoly  anions, 
on  account  of  their  solubilities  and  discrete  structures,  accessible  to  study 
by  a broader  range  of  experimental  techniques  than  are  the  metal  oxides, 
but  they  may  be  used  in  place  of  the  oxides  in  many  applications.  Several 
new  heteropoly  anions  have  been  prepared,  isolated  as  numerous  salts, 
and  characterized  by  electrochemical  and  spectroscopic  measurements, 
file  heteroatoms  in  these  complexes  are:  in  'octahedral  coordination  by 
oxygen,  Re  V),  Re (VT),  Re(VII),  OsiVI)  as  OsN^ 1 , RutH)  and  RutI)  as 
RuNO  ’ and  RuNO*-  ‘ : in  Jcosahedral  (12-fold)  coordination  by  oxygen, 

Gel  III)  and  t'(V),  both  f'  species.  Rapid,  reversible  electron  transfer 
reactions  involving  isostructural  pairs  of  heteropoly  complexes  have  been 
studied.  These  reactions  involve  the  following  oxidation  slate  changes: 

Mol  V)  <■ — 7Mo(VI),  WlVW ,\V,VI),  ViV)c -VUV),  RelVK ,Rci  VH^— 7 Rei  VII ). 

RuNO  ^ tRuNO  , < e (IV) ^ — .<  e(III),  1 (IV)^—  .U ( V) . The  rate  of  outer- 

sphere  electron  exchange  between  molybdenum  <V,  VI)  in  two  heteropoly 
anions  has  been  measured  In  esr  line-broadening  techniques.  l‘he  electron 
exchange  involves  a novel  charge  transfer  complex  between  the  anions 
which  was  detected  by  optical  spectroscopy. 

I hi  electronic  structures  of  mixed  valence  heteropoly  inions  iheteropoly 
blues)  have  been  probed  by  esr  and  optical  sp<  i troscopy.  Several  ]>ei  LI  i - 
cations  in  this  area  support  a model  for  such  complexes  in  which  electrons 
are  weakly  trapped  on  individual  metal  atoms  ind  in  delocalized  over  tin- 
whole  structure  of  the  anion  by  meins  of  i then  ally-  ctivited  hopping 
process.  rhe  electron  delocalization  in  heter  1 ’ • ilogous  t< 

semiconduction  in  metal  oxides.  It  has  In  < n lurt  in  r pn. posed  by  heti  ropoly 
blues  can  be  derived  iby  reduction)  only  fro:  ■ « '(  ropoly  mions  with 

structures  in  which  the  metal  atoms  tri  ionr  • i le  terminal 

oxygen  atom.  All  experimental  results  - o far  l<  n consistent 

with  this  hypothesis. 
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Some  heteropoly  anions  have  been  shown  to  participate  in  hydrogen  bonding 
with  organic  hydroxy  compounds  to  a lesser  exgent  than  does  the  perchlorate 
anion.  However,  certain  redox  reactions  involving  heteropoly  anions  in 
aprotic  solvents  are  found  to  be  kinetically  rather  than  thermodynamically 
controlled,  and  in  these  cases,  hydrogen  bonding  appears  to  be  involved. 

Thus  catechol  (1,2  dihydroxybenzene)  is  oxidized  to  o-benzo-quinone  by 
Mo^O“~  while  _£-hydroquinone  is  unaffected. 
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9.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 

Colliding  particles  have  been  the  subject  matter  of  much  scientific 
inquiry.  Of  interest  are  the  details  of  naturally  occurring  particle 
collisions  that  are  manifest  in  the  bulk  properties  of  matter. 
Controlled  collisions  may  also  probe  the  structure  of  the  particles 
themselves.  Controlled  collision  experiments  have  been  a basic 
tool  of  science  to  probe  atoms,  molecules  and  nuclei.  In  this 
connection  projectiles  ranging  from  photons  to  heavy  molecules 
have  been  directed  toward  other  bits  of  matter  to  explore  the  basic 
forces  that  bind  the  parts  to  the  whole.  In  the  last  century  the 
size  of  the  "fundamental  particle"  has  been  repeatedly  reduced,  by 
experiments  with  ever  more  energc'tic  projectiles,  until  the  particle 
concept  itself  is  now  in  doubt.  On  the  other  hand,  our  understanding 
of  the  atomic  and  molecular  properties  of  matter  has  increased 
enormously.  As  an  example,  molecular  collision  theory  provides  a 
beautiful  understanding  of  such  phenomena  as  mass,  momentum,  and 
energy  transport.  Our  understanding  of  the  dynamics  of  molecular 
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collisions,  however,  is  incomplete  and  much  useful  information  is 
yet  to  be  obtained.  The  research  described  here  presents  the  results 
of  collision  experiments.  These  were  designed  so  that  molecular 
properties  could  be  extracted  from  analysis  of  the  products  from 
two  colliding  molecular  beams. 

The  research  falls  into  three  separate  categories: 

Theoretical  analysis  of  glory  scattering  experiments. 

Experimental  collision  studies  at  kinetic  energies  between  1-lOeV 
(development  of  a chemical  accelerator  for  measurements  of  ionization 
phenomena)  with  very  high  energy  resolution. 

Experiments  with  higher  energies  (20-400eV)  in  order  to  study  negative 
ion  properties. 

In  the  experiments  at  higher  energy  negative  ions  were  produced  in 
a single-collision  charge-trans f er  source.  A beam  of  cesium  atoms 
with  kinetic  energies  which  were  vuriabLe  between  10  and  350  eV 
intersected  a beam  of  target  molecules.  Negative  ions  and  Cs+  were 
formed.  The  energy  dependence  of  these  anion  spectra  were  measured 
for  SO2 , CH3NO2,  SFg,  and  CF2C12*  The  observed  cesium  impact  spectra 
were  qualitatively  different  from  those  produced  by  electrons.  At 
the  higher  cesium-atom  energies,  they  were  relatively  insensitive 
to  energy.  Large  parent  ion  intensities  were  seen  for  SO-,  and 
CHjNC^-  For  Cs+SI-A,  ratios  (SF^-/SFS-)  and  F”/SF--)  were  in  agree- 
ment with  those  or  Compton  and ’cooper  for  the  limited  range  of  Cs 
energy  employed  in  both  experiments. 
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chemistry  of  all  the  atoms.  In  doing  so,  in  some  instances  new  substances  are 
synthesized  and  better  synthesis  of  known  substances  become  available.  With 
few  exception  vacuum  vaporizations  of  the  high  boiling  elements  leads  to  the 
free  atom  (in  all  cases  for  the  transition  metals).  Useful  rates  of  vaporiza- 
tion are  generally  attained  at  temperatures  where  the  equilibrium  vapor  pressure 
is  10"3  torr.  For  the  transition  metals  this  requires  temperatures  between 
1200-3500°.  Each  element  presents  a new  problem  in  the  details  of  effective 
procedure.  Up  to  1 800°  in  many  instances  ceramic  crucibles  can  be  used  as 
containers.  For  tungsten  and  molybdenum,  resistive  heating  of  suitably  doped 
wires  has  been  effective.  For  platinum,  coated  tungsten  wires  are  serviceable. 
For  boron,  silicon  and  rhenium,  electron  bombardment  of  the  element  on  a water- 
cooled  copper  hearth  was  necessary. 

Most  substrates  and  products  decompose  at  temperatures  far  below  the  vaporiza- 
tion temperatures.  Since  in  addition,  fast  deactivation  of  hot  products  was 
deemed  necessary,  the  effort  has  been  focused  on  ensuring  low  temperature, 
condensed  phase  contact  between  atoms  and  substrate.  High  dilution  is  also 
a requirement,  since  recombination  of  metal  atoms  is  an  exothermic  reaction 
to  be  avoided.  These  were  the  considerations  in  the  carbon  atom  research 
and  the  methods  learned  there  have  served  in  the  examination  of  other  high 
boiling  elements . 

The  distance  between  hot  and  cold  regions  is  2-4  inches,  the  pressure  is  main- 
tained below  10'4  torr  to  preclude  gas  phase  collisions,  and  metal  atoms  and 
substrate  molecules  are  deposited  simultaneously  on  a surface  cooled  with 
liquid  nitrogen;  reactions  take  place  in  this  cold  solid.  After,  the  co- 
deposition products  are  worked  up  by  sublimation,  extraction,  etc.,  as 
dictated  by  the  properties  of  the  products. 

Recently  it  was  found  to  be  advantageous  to  co-deposit  the  atoms  with  sub- 
stances which  are  mildly  complexing,  and  then  adding  a more  reactive  sub- 
strate to  this  matrix. 

Phase  1 for  the  metal  atoms  consisted  of  a survey  in  which  each  metal  was 
examined  in  a small  number  of  experiments,  often  only  one,  the  reaction  of 
the  metal  atom  with  propene  at  liquid  nitrogen  temperatures.  After  removing 
the  excess  substrate  at  -78°  the  residue  was  treated  with  D2O  which  dis- 
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plated  or  hydrolyzed  the  organic  portions  ol  the  organome t a I I i c products  which 
had  been  made.  The  hydrocarbons  released  were  analyzed  to  determine  their 
identities,  amounts,  and  extents  of  deute rat  ion . The  elements  examined  were 
B,  Mg,  Al,  Si,  Ti,  V,  Cr,  Mn , Fe , Co,  Ni,  Cjj,  Zn^,  Zr,  Mo,  Pd,  Ag,  Sn,  Tb,  Dy , 
Er,  W,  Re,  Pt  , Au^,  Pb,  and  LI. 

With  the  exception  of  those  elements  underlined,  organometa I s which  are  stable 
at  -78°  are  formed.  After  hydrolysis,  with  elements  such  as  aluminum  the  pro- 
ducts are  alkanes;  with  nickel  and  palladium,  aikenes.  The  alkanes  are 
dideuterio  compounds,  the  aikenes  were  usually  deuterated  to  small  extents. 

With  higher  olefins  isomerization  of  the  double  bond  position  occurred  rapidly 
with  the  first  row  transition  metals.  As  could  be  anticipated,  the  pattern  of 
products  and  extents  of  deuteration  were  different  for  each  of  the  elements, 
and  it  is  now  abundantly  clear  that  a separate  study  of  each  element  will  be 
required  if  the  goal  goes  beyond  the  broadest  of  generalisations. 

Much  of  the  current  work  can  be  described  as  phase  2,  completed  or  being 
actively  attacked  for  13  elements  listed  for  the  phase  I studies.  In  this 
phase  each  element  is  studied  in  some  ten  to  fifteen  reactions,  using  a 
variety  of  substrates:  water,  ammonia,  phosphorous  trifluoride,  alkyl  halides, 
olefins,  diolefins,  acetylenes,  and  aromatic  compounds;  occasionally  substrates 
such  as  NO,  CO  and  CO2  have  been  employed.  As  experience  was  gained,  the 
sophistication  of  the  experiments  has  improved,  and  consequently  the  quality 
of  the  discoveries  have  been  more  gratifying.  The  elements  studied  in  phase  2 
are  (underlined  if  published):  B,  M£,  AJ_,  Sc),  C r , Fe , Co,  N_i_,  Mo,  Pd,  W,  Re  and 
Pt. 

The  nature  of  this  work  is  best  illustrated  by  the  most  recent  set  of  experi- 
ments with  tungsten  and  molybdenum  atoms.  Tungsten  and  molybdenum  are 
remarkably  similar  in  that  they  show  the  same  types  of  reactions.  With  1,3“ 
butadiene  they  form  remarkably  stable  tris-butadiene  tungsten  and  molybdenum. 
These  compounds  appear  to  be  unique  in  organometal  chemistry  since  no  other 
tris-butadiene  metal  compounds  are  known.  X-ray  examination  of  the  tungsten 
compound  indicates  a structure  in  which  cisoid  butadienes  are  positioned  as 
a girdle  around  the  metal  atom,  probably  JT  -bonded.  With  arenes  these  metal 
atoms  form  bis-arene  sandwich  compounds,  the  arenes  being  substituted  with 
groups  such  as  -OCHj,  -COOCH^,  -N(CHj)2,  F,  Cl,  etc.  Thus  a range  of  bis- 
arenes  are  available  which  heretofore  were  neither  know  nor  accessible  by 
the  other  methods.  With  cyclopentadiene,  the  b i s-cyc lopen tad i eny 1 metal 
dihydrides  are  readily  prepared.  Bis-arene  types  have  been  prepared  in 
which  one  side  of  the  sandwich  is  a seven  ring,  the  other  a five  ring. 

Phase  3 experiments  have  been  done  mainly  with  C ^ , C^,  and  C,,  where  concern 
was  focused  on  the  mechanisms  of  reactions;  most  of  that  work  is  published. 

The  work  along  these  lines  with  silicon  atoms  has  also  been  published. 

With  nickel  atoms  and  deuterated  propenes  it  was  established  that  rearrange- 
ments occur  by  conversion  of  the  Jf- complex  to  the TT-a I I y 1 nickel  hydride, 
rather  than  the  elimination-readdition  mechanism. 

For  a number  of  atoms,  boron  and  more  reactive  metals,  attempts  are  being 
made  to  understand  the  mechanism  of  hydrogen  release  on  reaction  with 
water.  There  are  some  remarkable  isotope  effects,  some  being  very  large, 
similar  to  what  has  been  reported  for  reactions  of  electrons  with  water. 

With  aluminum  atoms  and  non-terminal  olefins  it  is  believed  that  the  first 
examples  of  compounds  with  Al-Al  bonds  have  been  made. 
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one  has  to  have  reliable  rate  data  for  well  defined  microscopic  processes  as 
a function  of  the  quantum  states  of  the  molecular  system  of  interest.  This 
implies,  that  one  must  prepare  the  quantum  states  with  good  energy  resolution 
and  second,  that  one  must  employ  a timing  apparatus,  which  can  operate  on  a 
time  scale  of  I0~®  to  10'®  seconds  in  order  to  get  kinetic  data  by  direct 
timing  of  the  fluorescence. 

A method  was  developed  for  correlating  phase  excitation  with  a response  of 
single  pho  rs.  The  correlation  spectrometer  was  constructed  in  conjunction 
with  a xenon  light  source  and  a monochromator.  The  limiting  resolution  comen- 
surate  with  adequate  signal  strength  was  10  reciprocal  centimeters.  A new 
method  was  initiated  to  enable  one  to  make  high  resolution  measurements  of 
dynamic  processes.  High  resolution  was  here  defined  as  being  in  the  picometer 
range,  i.e.,  limited  only  by  the  Doppler  profile  of  the  line,  analogous  to 
the  high  resolution  spectral  information  now  available.  Laser  was  constructed 
which  could  be  narrowed  and  doubled  to  meet  the  needed  requirements.  The  tunable 
dye  laser  was  of  the  flash  pumped  design,  and  it  was  further  decided  to  measure 
all  absorption  and  emission  parameters  for  each  individual  flash,  employing  a 
variable  length  folded  path  cell.  In  this  way,  all  kinetic  parameters  were 
determined.  The  output  of  the  laser  system  was  so  high  that  a single  flash 
was  satisfactory  for  a complete  determination  of  all  kinetic  parameters. 
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Final  Technical  Report. 

9.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 

Two  major  areas  of  investigation  were  comprehended  by  this  research 
program.  The  first  was  an  investigation  of  vibrational  relaxation 
properties  of  small  polyatomic  molecules,  primarily  by  the  techniques 
of  infrared-infrared  and  infrared-microwave  double  resonance  spectro- 
scopy. At  a later  stage,  the  emphasis  was  shifted  to  deactivation 
processes  involving  electronically  excited  states  of  small  molecules 
having  potential  applications  to  visible  chemical  laser  systems.  A 
number  of  results  were  obtained  in  both  areas. 


1.  Infrared  Double  Resonance  in  BCI3.  Vibrational  relaxation  of 
BC 1 3 by  He,  Ne , Ar,  Kr,  Xe , HC1,  DC1,  II2,  HD,  D2 , CH3F , CHC1 3 and 
BCI3  itself  was  measured  by  the  infrared  double  resonance  technique. 
The  rare-gas  transition  probabilities  are  well  predicted  by  the  same 
Tanczos-Stretton  breathing-sphere  model  that  was  successful  for 
interpreting  the  analogous  results  in  SFg ; a value  of  200-240  cm'* 
for  the  average  amount  of  energy  removed  per  collision  corresponds 
to  the  lowest  (e1)  fundamental  vibration  of  the  molecule.  The  high 
efficiencies  observed  for  H 2,  HD,  HC1  and  DCl  are  due  to  vibration 
• • rotation  energy  transfer^  These  transitions  probabilities  are 
not  well  predicted  by  the  existing  theory  of  V-R  transfer,  but  can 
be  calculated  from  a new  near-resonant  V-R  theory  described  below. 
The  transfer  of  vibrational  energy  from  HBCI3  to  ^BClj  proceeds 
by  a complicated  combination  of  direct  (resonant  vibration  -*-*■ 
vibration)  and  indirect  (vibration  +-»  translation  vibration) 
processes.  The  intermolecular  redistribution  of  vibrational  energy 
by  these  processes  appears  to  proceed  very  nearly  as  fast  as 
intramolecular  energy  redistribution. 


2.  Near-Resonant  Rotation  •>->  Vibration  Energy  Transfer.  Previous 
treatments  of  rotation-vibration  energy  transfer  have  used  a simple 
classical  rotor  model.  We  have  used  the  method  of  Rapp  and  Golden 
(originally  developed  for  near-resonant  vibration-vibration  energy 
exchange)  to  describe  the  near-resonant  transfer  of  energy  between 
a quantum  rotor.  The  resulting  expression  is 


P(v,v’ ) 


_i  +J  2 

?:f(J)£  /du  f(u)  (2J+1)  1 l sin  [irmuV(v'  ,J*  ,M;  v,J,M)  ] 
J J'  M=-J  4h  (Tta/8) 
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where  f (J)  and  f (u)  are  Boltzman  distributions  in  rotational  state 
J and  relative  velocity  u;  V(v‘,  J',  M'  vJM)  is  the  matrix  element 
of  the  intermolecular  potential;  y the  resonance  energy  defect 
between  rotation  compound  state  (v,J)  and  final  state  (v',J');  m 
the  collision  reduced  mass  and  a the  exponential  range  parameter 
of  the  potential.  While  this  model  correctly  predicts  the  magnitudes 
and  relative  efficiencies  of  the  deactivation  rates  for  BCI3  by  HCl 
and  DCl,  it  does  not  reproduce  the  observed  temperature  dependence. 
The  latter  results  can  be  explained  by  a long-range-force  model,  as 
in  the  theory  of  Sharma  and  Brau. 

3.  Infrared  Saturation  and  Line  Broadening.  From  the  pressure 
dependence  of  the  absorption  of  the  P ( 1 2 ) CO2  laser  line  by  propynal 
(HC  = C-CHO) , we  have  determined  a self-broadening  cross  section  for 
the  absorption  line  of  (400  + 150)  ft2  . The  large  magnitude  of  this 
cross  section  reflects  the  long-range  dipole  forces  responsible  for 
the  broadening.  We  have  also  determined  the  response  of  propynal, 
PF^,  and  BCI3  to  high-intensity  laser  pulses.  With  the  exception 

of  BCI3  at  high  pressures,  the  absorption  data  fit  the  linear  satur- 
ation model  previously  applied  to  SFg . 

4 . Infrared-Microwave  Double  Resonance  in  NH3,  and  Transient  Micro- 
wave  Nutation.  When  the  (J  = 8,  K = 7)  rotational  level  of  NH^  is 
pumped  away  from  equilibrium  by  a pulse  from  a tuned  N2O  laser,  the 
microwave  absorption  intensity  in  the  inversion  doublet  of  that 
level  relaxes  as  an  exponentially-damped  sinusoidal  oscillation. 

These  oscillations  can  be  understood  as  a transient  nutation  of 
coherently  excited  molecules.  By  the  use  of  the  Feynman-Vernon- 
Hellwarth  representation,  the  ammonia  inverstion  levels  can  be 
described  as  an  equivalent  spin  - 1/2  system.  Use  of  the  Bloch 
phenomenological  equations  then  leads  to  an  explicit  form  for  the 
relaxation  of  the  microwave  signal.  Measurements  of  the  pressure 
dependence  of  this  signal  gives  a value  for  the  transverse  relaxation 
time  T2 , which  can  then  be  compared  with  the  conventional  micro- 
wave  line  broadening  cross  section.  Equivalent  phenomena  can  be 
attained  by  nonadiabatically  switching  the  molecules  in  and  out  of 
the  resonance  by  means  of  an  applied  Stark  voltage.  Microwave 
transient  nutation  experiments  of  this  type  have  been  carried 

out  on  the  J = 1 •+  2 transition  in  OCS . The  measured  T2  in  this 
case  appears  to  be  longer  than  the  corresponding  relaxation  time 
as  determined  in  conventional  line-broadening  experiments. 

When  inversion  levels  in  NH3  other  than  that  directly  pumped  by  the 
N2O  laser  are  obst rved  in  microwave  absorption,  transient  signals 
having  a simple  exponential  shape  are  seen.  From  analysis  of  these 
signals  we  obtained  a rotational  relaxation  rate  about  one-fifth 
as  large  as  the  coherence  decay  rate  obtained  from  the  T2  measure- 
ments. In  a molecular  beam  maser  experiment,  it  was  found  that  the 
scattering  cross  section  is  greater  for  a pure  inversion  state  in 
ammonia  than  for  a coherent  superposition  state.  While  this  result 
does  not  directly  imply  that  T^  is  faster  than  T2  under  these 
conditions,  it  does  mean  that  one  must  be  extremely  careful  in 
interpreting  relaxation  times  for  different  types  of  experiments. 

5 . Classical  Trajectory  Calculations  of  Energy  Transfer  in  Elec- 
tronically Excited  Molecules.  An  extensive  series  of  classical 
trajectory  calculations  has  been  completed  for  I2  colliding  with 
monatomic  gases.  Vibrat ional ly  and  rotationally  inelastic  cross 
sections  were  calculated  for  I2  in  v'  = 15,  25,  43,  and  50,  with 
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He,  Ne,  Ar,  Kr,  and  Xe,  and  agree  in  essentially  every  detail  with 
the  experimental  results  derived  from  monochromatical ly  excited 
fluorescence  studies.  We  also  investigated  a semic  lass ica 1 approxi- 
mation ("MITFITS")  which  yields  simple  closed-form  expressions  for 
these  cross  sections,  but  at  some  sacrifice  in  accuracy.  These 
calculations  have  been  extended  to  incorporate  the  effects  of 
crossing  from  one  potential  surface  to  another  as  a result  of 
quenching  interactions.  Several  different  approximations  for  doing 
this  are  being  evaluated.  Initial  results  were  once  again  in  quite 
good  agreement  with  experiment;  this  work  is  being  continued  and 
extended  under  renewed  AFOSR  sponsorship. 

6.  Linear  Entropy  Analysis  of  Inelastic  Processes.  The  "surprisal 
analysis",  recently  introduced  by  Professor  R.  Levine  of  the  Hebrew 
University,  has  proven  very  useful  in  interpreting  product  state 
distributions  in  exothermic  reactions.  The  surprisal,  I(fE)  is  given 
by 

I(fE)  = -ln[P(fE)/P°(fE) ] 

where  fE  is  the  fraction  of  the  available  energy  in  a given  final 
state,  and  P°(fE)  is  an  a priori  product  distribution,  usually  taken 
to  be  a statistical  one.  It  is  often  found  that  linear  surprisal 
plots  are  obtained,  that  is 

I(fE)  = ifE  + (const.) 

where  A is  a "temperature-like"  parameter,  with  T = Eavailable^ 
kB*.  We  have  applied  the  surprisal  analysis  to  the  vibrational  and 
rotational  deactivation  data  we  have  for  K*,  and  have  found  that  a 
small  number  of  A parameters  suffices  to  characterize  all  the 
inelastic  collision  probabilities. 
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preferential  solvation,  while  the  latter  is  under  ion  pairing. 

The  study  of  preferential  solvation  was  extended  to  include  fluoride 
ions  in  mixed  solvents.  Here  the  NMR  chemical  shift  of  the  fluorine 
nucleus  was  used  as  the  experimental  probe.  In  mixtures  of  water 
with  dipolar  aprotic  solvents,  the  water  is  always  the  preferred 
component  of  the  solvation  shell . When  the  water  is  mixed  with 
protic  solvents  such  as  alcohols,  the  solvation  shell  composition 
is  more  random,  containing  both  components.  This  is  probably  the 
effect  of  the  role  of  hydrogen  bonding  in  fluoride  ion  solvation; 
the  exact  role-  of  hydrogen  bonding  has  not  yet  been  determined. 
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A new  method  was  developed  for  the  detection  of  contact  ion  association  in 
solutions  of  perchlorates.  This  method  is  based  on  the  NMR  relaxation  time 
of  the  chlorine  nucleus  in  the  perchlorate  ion.  This  technique  enables  one 
to  answer  some  long  standing  questions  concerning  the  existance  of  contact 
ion  pairs  in  certain  systems.  Those  properties  of  the  solvent  which  are  most 
important  in  promoting  contact  ion  association  have  been  discovered  and  the 
effect  of  solvent  composition  in  systems  of  mixed  solvents  have  been  eluci- 
dated. 

AFOSR  Program  Manager:  D.  W.  Elliott 


131 


COMPLETED  PROJECT  SUMMARY 


1.  TITLE:  New  Pe r f I uoropol ymer-Formi ng  Reactions. 

2.  PRINCIPAL  INVESTIGATOR:  Dr.  Madeline  S.  Toy 

Stanford  Research  Institute 
Menlo  Park,  California  94025 


3. 

INCLUSIVE  DATES: 

1 March  1974  - 30 

June 

1975 

4. 

CONTRACT  NUMBER: 

F44620-74-C-0064 

5. 

COSTS  AND  FY  SOURCE:  S 1 6 , 999  FY74; 

S50, 

029  FY75 

6. 

SENIOR  RESEARCH 

PERSONNEL:  Roger  S. 

. Str 

i ngham 

7. 

JUNIOR  RESEARCH 

PERSONNEL:  None. 

8. 

PUBLICATIONS: 

"Photochemical  Reactions  of  FI uoroxyperf 1 uoroa I kanes  with  Pe r f 1 uorocyc 1 ool e f i ns" , 
M.  S.  Toy  and  R.  S.  Stringham,  J . Fluorine  Chem , 5 , 481  (1975)  - 

"A  New  Synthetic  Route  for  B i s (per f i uoro- t -buty ' ) pe rox i de  and  Photolysis  wi th 
Pe rfl uorocyc 1 oo 1 e f i ns" , M.  S.  Toy  and  R.  S.  Stringham,  submitted  to  J.  Fluorine 
Chem. 

2 ,2 1 -Pe rf I uorod i met hoxyd i eye  1 oa 1 ky 1 s" , M.  S.  Toy  and  R.  S.  Stringham,  submitted 
to  J.  Fluorine  Chem. 

"New  Perfl uoropol ymer-Formi ng  Reactions",  M.  S.  Toy,  Fin.  Tech  Rpt . 

9.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 


The  objective  of  this  research  was  to  establish  polymer  forming  reactions  that 
could  be  utilized  to  synthesize  perfl uoropol ymers  with  elastomeric  properties 
over  a broad  temperature  range.  The  principal  lines  of  research  activity 
pursued  included  studies  of  (I)  the  nature  of  OF  bond  dissociations  and  additions, 
(2)  new  perfl uorpol ymer-formi ng  reactions  and  (3)  synthesis  of  certain  monomers 
and  monomer  precursors. 


Under  photolysis,  the  homolysis  of  the  OF  bond  (CFj)  C0F-? (CF ^ CO*  + F*  was 
demonstrated  in  the  presence  of  N2F^  which  dissociates  into  NF2  radical  to 
function  as  the  fluorine  atom  acceptor. 


- VC'-C 


C-Ouc  ccr'3  ),  t jAr? 


In  the  absence  of  photolysis,  (CF,)  COF  does  react  with  N^F^  at  -60°C  to  form  a 
white  solid  (I),  with  a m.p.  of  about  1 50°C . 


(tFilCor  * Aj F 


-cr’c 


((  f ^ ysC.  c ~Aj  Fs 
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A new  method  was  discovered  for  synthesizing  vicinal  perfluorodi-t- 
butoxycyc loa I kanes  (II)  by  low  temperature  photolysis  of  (CF,)  C00C(CF  ) 
and  perf I uorocyc loot ef ins.  An  example  of  I I is  shown  below:  3 33 

I 1 

Attempts  at  the  synthesis  of  the  diol  HO(CF)  C (CF  ) ,C(CFJ  OH  from  Br(CF  ) ,Br 
gave  low  yields  of  the  product.  ^ z ^ ° *3  26 
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The  major  aim  of  this  project  was  the  synthesis  and  the  characterization  of 
organo 1 an  than i de  and  actinide  compounds  with  new  bonding  modes.  Of  specific 
interest  were  species  that  contain  a covalent  bond(s)  between  the  metal  and 
organic  moiety.  The  chemical  and  physical  properties  of  these  new  compounds 
were  explored. 

New  sigma-bonded  species  were  prepared  by  the  reaction  of  Cp,UC!  with  either  a 
lithium  or  sodium  salt,  or  a Grignard  reagent  in  ethereal  solutions  as  shown  in 
Scheme  1 . 


CPgUCl 

+ 

ri; 

Cp^UCl 

+ 

RNa  — 

> CPgU-R 

(1) 

Cp3UCl 

4- 

RMgX 

Where  R = methyl,  phenyl  acetyl i de , C^H^,  t-C^Hg,  acetyl ide,  tolyl. 

All  of  the  complexes  are  extremely  sensitive  to  oxygen  and  moisture,  and  many  are 
pyrophoric.  However,  all  of  the  compounds  have  rem  arkably  high  thermal  stab- 
ilities. Nmr  spectra  of  these  complexes  showed  that  the  Cp  protons  appear  as  a 
sharp  singlet  at  between  9 and  12  ppm  upfield  from  benzene.  The  X-ray  crystal 
structure  for  the  pheny 1 acety I i de  derivative  clearly  shows  the  U-C  s i qma  bond. 

Several  unusual  bimetallic  complexes  were  synthesized:  Cp,U-ferrocene , (Cp,U),- 

ferrocence,  and  (Cp^U) 2_£pheny 1 . These  are  the  only  organoact in ide  complexes 
known  which  contain  two  Cp,U-  moieties  boind  to  the  same  ligand,  and/or  where 
the  ligand  is  an  organome ta l 1 i c moiety  (ferrocene). 

The  magnetic  suscept io i 1 i ty  studies  of  these  complexes  have  shown  some  very 
interesting  and  anomalous  results.  All  three  of  these  complexes  display 
temperature  dependent  paramagnetism  below  I00°K. 

A general  method  for  preparing  complexes  containing  lanthanide-carbon  sigma 
bonds  was  developed.  Using  the  reaction  shown  in  Scheme  2,  a number  of  alkyl, 
aryl,  and  a 1 kynyl  der i vat i ves  were  synthesized. 

Cp^LnCl  + RLi  — > (^Ln-R  + LiCI  (2) 

The  metals  chosen  vary  from  Gd  to  Yb.  Like  their  uranium  analogs,  these  new 
complexes  are  oxygen  and  moisture  sensitive,  but  they  are  surprisingly  thermally 
stable . 
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theoretical  chemistry  since  the  determination  of  their  electronic  and  vibra- 
tional properties  serves  as  a test  of  current  calculations  of  such  properties 
and  contributes  to  the  knowledge  of  chemical  bonding.  This  is  particularly 
true  of  the  light  diatomic  hydride  molecules  such  as  Bell  and  MgH,  where 
extensive  _ab  initio  calculations  have  been  made  which  are  severely  tested 
by  spin  density  measurements.  These  species  have  all  been  observed 
while  trapped  in  the  solid  inert  gases  at  temperatures  near  4°  K,  i.e., 
using  the  matrix-isolation  technique.  The  essentials  of  the  research  are 
as  follows:  C arbon  Molecules  and  Their  Oxides:  Previous  work  on  ( 

( 2>  and  c:  was  extended  to  a study  of  C4,  C-,  C G and  C.j.  These  larger 
species  are  important  in  the  vapor  over  graphite  under  extreme  vaporiza- 
tion conditions.  They  were  formed  by  diffusion  and  reaction  of  C , C.  , 

1 11  d 1 V ) argon  at  r\j  12  K and  established  as  the  observed  species 

by  c substitution.  Iheir  y vibrational  frequencies  were  determined 
and  force  constants  calculated.  < >0  and  C 3O,  formed  by  reaction  of  C 
atoms  with  CO,  were  also  studied  in  the  IR. 

Boron  < arbide  Vapor:  1 he  BC  ^ molecule  was  trapped  and  observed  via 

ESR.  The  spin  distribution  in  the  ‘■Z’.  ground  state  indicated  that  the  odd 
electron  is  largely  on  boron  so  that  the  molecule  is  best  depicted  as 
• R O C:.  BC,  which  theory  showed  to  have  a 4 £1  ground  state,  was 
not  observed,  apparently  because  of  its  low  concentration, 

Alkaline-Earth  Diatomic  Fluorides:  ESR  indicated  thatyVT'1  of  (he  odd 

electron  spin  is  on  the  fluorine  atom  in  MgF  and  that  it  decreases  down 
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the  scries  MgF,  CaF,  SrF,  EaF,  as  might  be  expected  for  increasing 
ionicity.  The  anisotropy  of  the  hyperfine  splitting  on  the  metal  indicated 
a highly  distorted  (polarized)  M'  ion  in  the  field  of  the  F“  ion.  Crude 
wavefunctions  could  be  calculated  providing  a rather  definitive  picture  of 
these  cases  of  almost  classical  ionic  bonds. 

Diatomic  Hydrides:  Bell,  MgH,  Call,  Srli,  Ball,  ZnH,  Cdll,  HgH,  and 

Pdli  molecules  (all  have  ground  states)  were  trapped  and  observed  by 

ESR  and  optical  spectroscopy.  The  spin  densities  in  Bell  and  MgH  could 
be  compared  with  recent  jib  initio  calculations  of  Davidson,  jA  al,  and 
serve  as  a sensitive  indication  of  the  accuracy  of  theory.  The  bonding  in 
the  heavier  hydrides  was  examined  relative  to  a united-atom  model. 
Substitution  of  D for  II  in  HgH  caused  a measurable  shift  in  the  spin  distri- 
bution. The  ground  and  excited  state  configurations  for  Pdli  were 
reassigned  from  these  new  spectroscopic  data.  A relation  connecting  the  g 
tensor  component  with  the  spin-doubling  constant,  Y,  observed  in  the  gas 
phase,  was  derived  and  shown  to  be  valid  within  about  10%  over  three 
orders  of  magnitude  of  Y. 

Rare-Earth  Oxide  Molecules:  All  14  solid  rare-earth  oxides  were  vapor- 

ized at  temperatures  near  2500°K.  The  monoxide  and  dioxide  molecules 
and  metal  atoms  in  the  vapor  were  trapped  at  4°K  and  examined  spectro- 
scopically in  the  IR  and  visible  regions.  The  vibrational  frequencies  of 
all  of  the  monoxides  lie  between  808  and  832  cm*^.  Comparison  was 
made  with  the  meager  gas  phase  data. 

Solid  Silicon  Carbide  and  Polytypism:  A theory  was  developed  to  explain 

the  existence  of  the  many  polytypes  of  solid  SiC  and  ZnS.  It  is  based 
upon  an  analogy  of  the  forces  determining  polytypism  to  those  causing 
internal  rotational  barriers  in  molecules.  The  differing  energies  of  the 
polytypes  is  then  ascribed  to  the  differing  energies  of  "eclipsed"  and 
"staggered"  layers  in  the  solids.  Madelung  constants  for  some  of  the 
prevalent  polytype  structures  were  calculated. 

AFOSR  Program  Manager:  D.  W.  Elliott 
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In  the  course  of  the  present  grant,  investigation  of  elastic  and 
inelastic  phenomena  were  studied  and  applied  in  a number  of  different 
ways  in  order  to  contribute  to  our  understanding  of  the  collisional 
redistribution  of  molecular  energy  in  gases.  The  studies  included 
the  following : 

(1)  Absolute  total  scattering  cross  sections  of  atoms  and  molecules. 
The  variation  of  absolute  total  scattering  cross  section  with  rela- 
tive velocity  and  target  density  were  experimentally  exploited  and 
the  interpretation  advanced.  Principal  findings  are  the  determin- 
ation of  absolute  interatomic  potentials,  the  determination  of 
molecular  electric  quadrupole  and  dipolar  scattering  effects,  and 
the  demonstration  of  the  great  power  of  absolute  cross  sections  in 
determining  elastic  and  inelastic  cross  sectional  effects. 

(2)  High  resolution  differential  cross  section  studies  of  atoms 
and  molecules.  These  are  the  highest  resolution  studies  of  differ- 
ential cross  sections  and  includes  quantitative  accuracy  of  the 
amplitude  of  the  highest  frequency  oscillatory  features.  The  data 
enabled  quantitative  inversion  of  intermolecular  potentials. 

Principal  findings  are  the  "closure"  of  determination  of  inter- 
molecular potentials  by  differential  and  total  scattering  cross 
sections.  Interpretation  is  extended  for  molecule-atom  cases  to 
anisotropic  terms  in  the  molecule-atom  potentials  and  hence  trans- 
lational-rotational energy  exchange. 

(3)  Developments  in  state  selection  and  supersonic  beam  technology 
to  produce  high  intensity  state  selected  beams  for  further  detailed 
studies  of  rotational  energy  exchange.  The  principal  finding  is  a 
means  to  produce  rotationally  state  selected  beams  with  as  much 
beam  intensity  in  a single  state  as  was  obtained  previously  in 
beams  that  had  no  state  selection.  This  is  currently  being  pursued 
experimentally  for  direct  observation  of  rotational-translationa 1 
differential  cross  sections. 

(4)  Exploitation  of  the  collisional  redistribution  of  rotational 
energy  to  assign  the  spectrum  of  the  NC>2  molecule.  In  these  studies 
the  vibronic  levels  of  NO^  are  identified  by  inspection,  by  the 
substantial  elimination  of  rotational  structure  through  cooling  of 
NC>2  seeded  into  a supersonic  argon  beam.  The  electronic  transitions 
were  identified  by  high  resolution  (1  GHz)  laser  induced  fluorescence. 
Principal  findings  are  the  explanation  of  the  complexity  of  the  NC>2 
spectrum  as  a result  of  a massive  pattern  of  perturbations  and  that 
the  apparent  rotational  constants  and  spin-rotation  constants  are 
broadly  distributed. 
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7.  PUBLICATIONS: 


"Visible  Wavelength  Chemiluminescence  Initiated  by  CO2  Laser  Radiation",  S.  H. 
Bauer  and  E.  Bar-Ziv,  Final  Tech  Repo rt ■ 

8.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 

The  objective  of  this  research  was  to  find  experimental  conditions  for  generating 
high  intensity  chemiluminescence  in  the  visible  and  ultraviolet  regions  of  the 
spectrum  by  reacting,  in  the  gas  phase,  metal  atoms  with  oxidizers,  such  as  the 
halogens,  oxygen,  nitrogen  or  sulfur,  incorporated  in  molecules  wherein  they  are 
weakly  bound;  and  to  investigate  the  chemical  kinetics  that  control  the  production 
of  chemiluminescence.  The  ultimate  objective  is  to  find  combinations  of  reagents 
and  operating  conditions  wherein  inverted  electronic  state  populations  are 
generated,  suitable  for  developing  lasers. 

Studies  of  chemiluminescence  in  the  visible,  emitted  during  highly  exothermic 
reactions  between  metal  atoms  and  oxidizers,  have  been  underway  for  several  years 
in  this  laboratory  and  in  many  other  places  in  the  country.  In  selecting  suitable 
mixtures  several  essential  criteria  should  be  kept  in  mind:  (1)  the  systems 

studied  should  be  scalable;  (2)  they  should  be  inherently  capable  of  producing 
high  powers;  (3)  they  could  be  either  cw  or  pulsed,  but  if  the  latter  the  pulse 
length  should  be  in  the  microsecond  regime  rather  than  nanoseconds.  As  yet  no 
diatom  meta 1 -oxi d i zer  laser  has  been  discovered  for  the  visible,  although 
infrared  lasers  have  been  demonstrated  (Rice,  et.al.,  Appl . Phys.  Lett.,  28, 
kkk  (1976)).  The  initial  thrust  for  the  visible  region  was  based  on  an  extra- 
polation of  the  successful  development  of  chemical  lasers  in  the  infrared.  The 
major  difference  between  the  infrared  program  and  the  thus  far  unsuccessful 
quest  in  the  visible,  is  that  the  first  depends  on  a non-Boltzmann  partition 
of  exothermi c i ty  among  vibrations  in  the  ground  electronic  state,  while  the 
latter  requires  substantial  channeling  of  the  available  energy  into  excited 
electronic  states.  As  anticipated,  and  experimentally  confirmed,  stricter 
symmetry  requirements  are  imposed  on  the  nature  of  the  reaction.  Also,  there 

is  a crucial  experimental  restriction  the  relative  shortness  of  the 

spontaneous  radiative  lifetime  of  the  excited  states  compared  with  the  mixing 
time  that  can  be  achieved  in  conventional  flow  reactors.  In  the  infrared  the 
corresponding  critical  ratio  is  the  collisional  lifetime  relative  to  the  mixing 
time,  and  this  can  be  made  greater  than  unity  by  control  of  reagent  pressures. 

152 


-i  ~ - • - 


' - V • 


J 


The  proposed  solutions  were  of  two  kinds.  In  one  configuration  supersonic 
mixing  was  used,  in  the  other,  the  components  are  premixed.  Thus,  the 
carriers  of  the  metal  atom  and  the  oxidizer  must  be  mutually  comparible; 
then  one  rapidly  initiates  the  exoergic  reactions.  Specific  designs  clearly 
depend  on  the  branching  ratios  for  the  production  of  excited  vs^  ground  state 
popu I a t i ons . 

In  this  research,  the  second  program  was  followed  working  with  premixed  gases, 
and  initiating  the  reaction  with  a pulse  of  CO2  laser  radiation.  Mixtures  of 
encapsulated  metal  vapors,  SF^,  and  an  oxidizer  were  subjected  to  a 20J , I 
microsecond  pulse  of  a CO2  laser.  The  SF^  acts  as  an  energy  absorber  and 
transfer  agent  for  rapidly  raising  the  temperature  of  the  mixture  to  1500- 
2000°K.  This  sets  off  a reaction  which  rapidly  strips  the  ligands  from  the 
central  metal  atom  and  develops  a premixed  meta 1 -ox i d i zer  system  for  further 
reaction.  This  procedure  has  the  attractive  feature  that  the  initiation 
step  is  not  so  vigorous  as  to  disrupt  excessively  the  oxidizer  species. 

After  the  metal  oxidation  is  initiated,  the  consequent  temperatures  developed 
are  very  high.  For  some  combinations  very  large  luminosites  were  recorded. 

It  was  estimated  that  as  many  as  one  photon  for  every  ten  meta!  atoms  pre- 
sent were  generated  under  some  conditions.  The  specific  systems  tested  and 
the  techniques  developed  during  this  program  are  described  in  the  final 
report.  Systems  included:  S]H^,SF^,  ^0;  SnfCHj)^,  SF^-  N2O  • Pb  ( C H ^ ^ , 

SF  NO;  and  Bi  (CH,)  ,,  SF,-,  NO.  ’ 
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8.  PUBLICATIONS: 


"Vibronic  Surprisal  Analysis  of  the  Dynamics  of  Photodissociation  and  Related 
Reactions,"  M.  J.  Berry,  Chem,  Phys ■ Let  ters , 29 , 323  (I97A). 

"Golden  Rule  Calculation  of  Product  Vibronic  Population  Inversions  in  Photo- 
dissociation  and  Related  Reactions,"  M.  J.  Berry,  Chem.  Phys.  Letters,  29,329 
(I97A)  . 

"Cyan i de  ted  i ca  1 Molecular  Electronic  Laser:  Grating  Selection  Determination  of 
Population  Inversions,"  J.  T.  Knudtson  and  M.  J.  Berry,  in  J.  I.  Steinfeld 
(editor).  Electronic  Transition  Lasers  (MIT  Press,  Cambridge,  Mass.,  1976). 

"Methyl  Isocyanide  Photodissociation:  Chemical  Laser  Determination  cf  Energy 
Partitioning  into  the  Cyanide  Radical  Photochemical  Product,"  J.  T.  Knudtson 
and  M.  J.  Berry,  to  be  submitted  to  J_.  Chem.  Phys . 

"Molecular  Electronic  Photodissociation  Laser  Studies,"  M.  J.  Berry,  Final 
Technical  Report. 

9.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPL I SHEMENTS : 

The  main  objectives  of  this  work  were  to  identify  photochemical  reactions 
suitable  for  production  of  electronic  chemical  lasers  and  to  determine  reaction 
and  relaxation  rate  parameters  for  promising  candidates.  Extensions  to  bi- 
molecular  reaction  examples  were  made  as  the  work  progressed. 


Gra t i ng- t uned  pulsed  chemical  lasers  were  operated  on  several  reaction  systems 
(the  CH.NC  photodissociation  electronic  chemical  laser,  the  F + HI  C D I ) bimolecular 
chemical  lasers,  etc)  in  order  to  study  features  of  energy  partitioning  and  0 
collisional  energy  redistribution.  In  photodissociation  of  CH  NC  atA^ISSO  A, 
measurements  of  the  relative  gains  of  lasing  transitions  showed  that  CM ' (A2pi , 
v = 0)  is  the  predominant  nascent  photochemical  product  (>80>)  and  that  spin- 
orbit  and  rotational  relaxation  are  rapid  processes  on  present  chemical  laser 
emission  timescales.  Relative  gains  of  lasing  HF  and  DF  transitions  were  measured 
in  the  F + HI,  HBr , HC I and  F + Dl , DBr,  DC  I chemical  laser  systems;  vibronic 
population  inversions  were  determined  from  these  gain  measurements.  Curved  sur- 
prisal  plots  in  the  F + HI  and  F + Dl  systems  indicate  that  electronically  excited 
iodine  atoms  may  be  formed  chemically  with  moderate  efficiency. 

New  types  of  chemical  laser  apparatus  were  constructed:  a)  a sub-microsecond  flash 
photolysis  concentric  lamp  array  and  b)  a MgF2 -w i ndowed  coaxial  flashlamp  for 
photolysis  down  to  ca . 1200  A.  Both  devices,  together  with  conventional  chemical 
laser  eguipment,  were  used  to  search  for  new  electronic  chemical  lasers  based  upon 
photochemical  and  bimolecular  reactions;  no  new  lasers  were  discovered. 

Support  and  screening  experiments  involving  VUV  spectroscopy  and  fluorescence 
guantum  yield  determinations  were  completed  at  the  University  of  Wisconsin 
Synchrotron  Radiation  Facility.  Electronically  excited  cyanide  radicals  (CN 
(B2r+)  and  CN'(A2pi))  were  found  to  be  major  products  in  photodissociation  and 
predissociation  of  HCN , (CN^,  cyanogen  halides,  and  other  cyanide  parents. 

Certain  theoretical  work  was  performed  to  determine  dynamical  features  that  govern 
vibronic  population  distributions  in  photochemi ca 1 reactions.  Information  theoretic 
analyses  and  computations  based  upon  a f ranck-Condon  model  of  i nt rof ragmen t dynamics 
showed  that  the  structural  change  of  a diatomic  fragment  in  evolving  from  reactant 
to  photochemical  product  is  the  dominant  factor  that  produces  observed  vibronic 
state  distributions.  Analyses  of  related  reaction  examples  (collisional  dissociative 
excitation  and  e 1 ec t ron i s- to- vi brat iona 1 energy  transfer)  were  also  carried  out. 
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Spectroscopy,"  R.  G.  Bray,  W.  Henke,  S.  K.  Liu,  K.  V.  Reddy,  and  M.  J.  Berry, 
submitted  to  Chem.  Phys  ■ Let  te  rs  ■ 

"Chemical  Laser  Studies  of  Chemical  Reaction  Dynamics,"  M.  J.  Berry,  Final 
Techn i ca I Report . 

9.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 

The  central  emphasis  of  this  project  has  been  the  study  of  molecular  reaction 
dynamics  (i.e.,  the  study  of  rate  processes  on  a reactant  state  to  product 
state  level  of  inquiry)  for  elementary  bimolecular,  un i mo  I ecu  I a r , and  photo- 
chemical reactions.  Some  practical  consequences  of  the  work  include  the  dis- 
covery of  several  new  chemical  lasers  and  the  determination  of  important  rate 
processes  that  affect  the  operation  and  performance  optimization  of  numerous 
chemical  laser  systems. 

In  the  discovery  category,  the  most  interesting  systems  are  the  cyanide  radical 
molecular  electronic  lasers  (produced  by  photodissociation  and  predissociation 
of  CHjNC,  (CN)^,  HCN,  and  other  cyanide  parents;  CN  lases  in  red  band  transitions 
(A2pi?  - X^sigma*)  between  1.1  - 2.0  u) , haloalkane  photoelimination  lasers 
(e.g.,  CH3  HCIf  + CH2  = CHC I ; HC I lases  in  v i bra t i on- rot  a t ion  transitions  of 
V=1  *0,2*1,  3+2,  and  4*3  bands  between  3-5  * 4.2  p) , a "hot-atom" 
initiated  laser  (produced  by  impact  of  t rans I a t iona I I y "hot"  hydrogen  atoms  on 
SF^  with  subsequent  reaction  of  col  I i s i ona I 1 y dissociated  fluorine  atoms  with 
HI;  the  HF  product  of  the  F + HI  reaction  lases  in  v i bra t i on- rota t i on  transitions 
of  v = I * 0 through  v = 5 ^ 4 bands  between  2.5”  3-3  p) , and  the  hydrogen  cyanide 
polyatomic  chemical  laser  (produced  by  the  bimolecular  reaction  CN  + H2  * HCN'  + H; 
NCN  lases  in  v i brat  ion- rotat  ion  transitions  of  the  00°l  -»00°0,00°l  ->  0 3*0,  and 
10°1  * I0°0  bands  between  3.0  -*  3~9  p)  . 


157 


Detailed  measurements  of  energy  partitioning  into  reaction  products  in  the  above 
and  other  chemical  laser  systems  were  made  possible  by  the  development  of  a new 
technique  ( gra t i ng- t uned  operation  of  chemical  lasers  and  measurement  of  the 
relative  optical  gains  of  lasinq  transitions).  Complete  HX(DX)  product  vibronic 
state  distributions  were  obtained  for  the  F + H^,  D^ , HD  bimolecular  reactions, 
for  many  photochemical  reactions  (e.g.,  C H = CDCln_^.  HC 1 t + HC  = CD),  and  for 
unimolecular  reactions  (e.g.,  CHF,  HFt  + C F 2 ) - Other  quantitative  kinetic 
information  (e.g.,  on  kinetic  isotope  effects  in  the  F + HD  reaction)  was  also 
obtained  by  chemical  laser  methods. 

Two  main  classes  of  support  experiments  were  carried  out:  a)  vacuum  ultraviolet 
(VUV)  absorption  spectroscopy  and  fluorescence  excitation  using  a synchrotron 
radiation  source  with  on-line  computer  control,  data  acquisition,  and  signal 
processing,  and  b)  tunable  intracavity  cw  dye  laser  quenching  spectroscopy. 

VUV  absorption  spectra,  extinction  coefficient,  and  assignments  were  obtained 
for  interesting  photochemical  reactants  such  as  HFCO,  CH^  = CHCI,  and  HCN.  In 
addition,  fluorescence  excitation  spectra  and  quantum  yields  for  photochemical 
reactants  and  products  were  measured.  Dye  laser  quenching  spectroscopy  was 
used  todetect  extremely  low- i ntens i ty  transitions  such  as  the  5th  overtone 
band  (v  = 6 <■  v = 0)  of  HCI  in  the  visible  spectral  region.  Applications  of 
dye  laser  quenching  spectroscopy  to  the  discovery  of  transient  optical  gains 
in  potential  electronic  lasers  were  initiated. 

Certain  theoretical  approaches  toward  reaction  dynamics  were  also  pursued. 

A simple  dynamical  model  which  predicts  product  vibronic  state  distributions 
was  devised  and  successfully  aoplied  to  reaction  and  energy  transfer  systems. 

Ab  initio  mol  ecu  I a r electronic  structure  and  potential  hypersurface  computations 
were  performed  for  some  chemical  laser  reaction  systems.  Information  theoretic 
methods  were  used  to  analyze  dynamical  features  of  bimolecular  and  photochemical 
reactions  and  to  predict  electronic  branching  ratios  for  potential  bimolecular 
electronic  chemical  lasers.  Finally,  a new  empirical  procedure  for  the  con- 
struction of  potential  energy  hypersurfaces  for  bimolecular  chemical  reactions 
was  devised;  initial  quas i c I ass i ca 1 trajectory  computations  using  the  empirical 
surfaces  have  been  performed. 
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8.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 

Various  diatomic  molecular  species  have  been  produced  in  vacuum  flow  systems; 
typically  metal  vapor  entrained  in  an  inert  gas  is  reacted  with  a halogen  or 
oxidant.  These  exothermic  reactions  produce  product  molecules  in  excited 
states  whose  fluorescence  (chemiluminescence)  is  analyzed.  Laser  induced 
fluorescence  (photoluminescence)  is  also  used  to  probe  both  ground  and  excited 
electronic  states. 

The  following  research  summary  is  organized  according  to  experimental  techniques: 

Chemiluminescence,  Photon  Yields  and  Branching  Ratios:  Reactions  of  lead  with 

N2O,  0,  Oo,  and  0^  were  investigated  under  a wide  variety  of  conditions  and  were 
found  to  depend  dramatically  upon  both  oxidant  species  and  pressure.  Many  new 
bands  were  found  and  molecular  constants  were  determined. 

Modifications  to  the  standard  furnace  system  allowed  extension  of  its  upper 
temperature  limit  by  several  hundred  degrees,  to  2100  K,  and  permitted  pro- 
duction of  TiO.  O2 , N2O,  NO  and  CO2  were  used  as  oxidants  of  the  titanium  atoms. 
Ti  + O2  flames  had  electronic  and  vibrational  temperatures  of  2500  X 500  K while 
Ti  + NjO  flames  were  approximately  twice  as  hot,  and  exhibited  wider  departures 
from  Boltzmann  statistics.  Ultraviolet  emission  was  three  orders  of  magnitude 
higher  with  N2O  than  with  O2 . 

Preliminary  photon  yield  data  have  been  taken  for  the  reactions  of  copper  with 
F2 , NFj  and  SF^.  Chemiluminescence  spectra  of  CuF  have  been  taken  in  the  200- 
1100  nm  region  and  corrected  by  computer  for  relative  spectral  response  of  the 
detection  system.  Three  new  electronic  states  have  been  discovered  with  trans- 
itions at  1*38,  568  and  680nm.  Total  photon  yields  from  200-800nm  were  less 
than  0.5?  for  the  reaction  Cu  + F^ , and  lower  for  Cu  + NF,;  60-90''  of  the 
emission  was  in  the  A-X  transition,  and  10-40%  divided  between  the  B-X  and 
C-X  systems. 

Aluminum  atoms  diluted  in  a buffer  gas  were  reacted  with  F_ , C^,  B^,  1 2 • 

NFj,  and  SF^  to  produce  diatomic  aluminum  halides  in  chemiluminescent  flames. 
Emission  from  a triplet  pi  to  X singlet  sigma  was  observed  for  all  the  halides, 
and  for  Al , A1F  and  A1CI,  higher  electronic  states  were  also  observed.  Photon 
yields  were  2%  for  Al  + NF  , and  less  than  0.01%  for  the  other  reactants.  In 
the  case  of  Al  + NF^,  about  90$  of  the  total  yield  was  due  to  Al  atomic  emission 
and  in  fact  the  atomic  emission  extended  up  to  the  ionization  limit  at  207nm. 
Energy  transfer  from  metastable  molecules  was  invoked  as  the  excitation  mechanism. 

Observation  of  intercombination  emission  from  A1F  allowed  the  first  direct 
determination  of  the  a triplet  pi  to  X singlet  sigma  separation,  which  agreed 
well  with  an  earlier  value  calculated  from  vibrational  perturbations  observed 
in  the  A singlet  pi  state. 

Emission  from  ultraviolet  to  near  infrared  was  observed  from  flames  of  Al  atoms 
reacting  with  various  oxidants.  Photon  yields  for  the  reactions  varied  widely 
from  3%  for  Al  + microwave  discharged  O2 , and  2%  for  0-,,  to  0.4  for  NO  and 
less  than  0.005%  for  all  other  oxidants.  The  A doublet  pi  to  X doublet  sigma 
system,  which  had  not  previously  been  observed  in  emission,  was  seen  with 
several  of  the  oxidants. 
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PHOTOLUM I NESCENCE : A single  mode  tunable  dye  laser  was  used  to  induce  photo- 

luminescence from  CuF.  High  resolution  scans  near  the  origin  of  the  A singlet 
pi  - X singlet  sigma  transition  show  strong  perturbations  from  a newly  discovered 
state  of  around  17600  cm"'. 

Laser  induced  photoluminescence  has  been  observed  from  TiO  molecules  produced 
in  a chemiluminescent  flame  of  Ti  + O2.  Ar+  and  cw  dye  lasers  were  used  in  a 
detailed  study  of  the  alpha  (C  triplet  delta  - X triplet  delta)  system  in  emission. 
Techniques  were  developed  for  assigning  photoumi nescence  transitions  involving 
states  of  high  multiplicity  in  molecules  with  several  isotopes. 

LIFETIME  MEASUREMENTS:  The  radiative  lifetimes  have  been  measured  for  the  A 

singlet  pi,  B singlet  sigma  and  C singlet  pi  states  of  CuF  and  have  been  found 
to  be  .5.  .7  and  12  microseconds  respectively.  Tunable  pulsed  dye  lasers 
were  used  for’the  measurements  with  either  flashlamp  (1  microsec  duration) 
or  nitrogen  laser  (I  nsec  pulse  duration)  excitation.  A computerized  detection 
system  was  developed  to  enable  signal  averaged  and  wavelength  scanned  lifetime 
measurements  to  be  made. 

Radiative  lifetimes  have  been  measured  for  the  A and  B states  of  Cu2-  Using  a 
N2'pumped  tunable  dye  laser,  lifetimes  of  30*15  nsec  at  a background  argon 
pressure  of  .5  torr  and  20+15  nsec  at  10  torr  were  measured  for  the  first  three 
vibrational  levels  of  the  B state.  The  A state  lifetime  of  the  V=0  level  is 
70^15  nsec  at  .5  torr  and  50^15  nsec  at  10  torr. 

COMPUTER  ANALYSIS:  In  studies  of  the  CuF,  A singlet  pi  state,  comparison  of  data 

to  synthetic  spectra  revealed  the  necessity  of  using  different  B values  for  the  Q 
vs  the  P and  R branches  to  obtain  suitable  agreement,  and  thereby  revealed  the 
existence  of  a new  state  which  was  responsible  through  perturbations  for  the 
anomalies  in  the  A singlet  pi  state. 

Such  comparison  of  synthetic  and  observed  spectra  also  facilitates  determination 
of  rotational  and  vibrational  temperatures  i 1 chemiluminescent  flames. 

EXCITATION  TRANSFER:  Combustion  of  Mg  vapor  in  N2O  with  He  and  CO2  diluents  in  a 

low-loss  laser  cavity  resulted  incw  oscillation  at  10.6  microns.  The  pumping 
takes  place  via  chemical  reaction  and  subsequent  e 1 ec t ron i c- v i bra t i ona I (E-V) 
energy  transfer.  The  first  step,  whose  exothermi c i ty  ultimately  drives  the  laser, 
is  the  formation  of  electronically  excited  MgO.  A large  proportion  of  this  MgO  is 
n states  whose  radiative  decay  is  slow.  In  the  presence  of  CO2  the  dominant  mode 
of  destruction  of  these  metastable  MgO  molecules  is  believed  to  be  collisiona! 
conversion  of  their  electronic  excitation  to  vibrational  excitation  of  CO2,  with 
the  consequent  inversion  of  the  (001)  level  with  respect  to  the  (100)  level. 

High-lying  Rydberg  levels  of  Al  were  excited  in  a chemical  reaction  with  NF^. 

A possible  mechanism  is  that  high  lying  levels  of  A I are  populated  by  energy 
transfer  from  excited  molecular  nitrogen  produced  in  the  Al  + NF^  mixture. 

Al  atomic  states  up  to  the  series  limit  were  observed  with  NF^  as  well  as  in 
another  experiment  with  microwave  discharge  N2 . While  with  active  nitrogen, 
the  resulting  populations  of  the  Al  excited  states  followed  a Boltzmann  dis- 
tribution at  about  3000  K,  in  the  case  of  the  NF^  the  population  distribution 
was  non-Boltzmann  and  skewed  toward  higher  energies. 

Active  nitrogen  was  also  used  in  experiments  on  TiO  and  PbO  flames,  where  it 
materially  enhanced  the  molecular  emission  as  well  as  causing  intense  atomic 
emission  1 rom  the  metal.  In  the  case  of  Pb  the  effect  was  primarily  to 
increase  the  electronic  temperature  while  maintaining  a Boltzmann  distribution. 

It  is  believed  that  PbO  was  produced  by  transfer  from  active  nitrogen  to  PbO. 
Similar  explanations  apply  in  the  case  of  TiO. 
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GAIN  MEASUREMENTS:  Intracavity  laser  gain  measurements  using  a CO^  electrical 

discharge  probe  laser  were  made  to  study  flames  of  Ba , Ca  and  Mg  burning  in  a 
mixture  of  N 0,  CO,  and  He.  Gain  at  10.6  microns  was  detected  for  each  of  these 
metals.  For  the  Mg  flames  the  gain  coefficient  was  found  to  be  in  the  range  of 
I0'3  - 10'^/cm.  The  addition  of  N2  diluent  enhanced  the  gain,  whereas  CO 
diluent  quenched  it.  These  measurements  led  to  the  observation  of  cw  lasing. 
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9.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 


In  this  project,  the  recomb i na t i on-d i ssoc i a t i on  reactions  + M = 2X  + M, 
where  X2  is  a diatomic  molecule  and  M is  a third  body,  were  studied,  over 
a wide  temperature  range,  using  two  experimental  techniques,  flash  photolysis 
and  shock  waves,  and  three  methods  of  observation:  absorption  spectroscopy, 

emission  spectroscopy  and  laser  schlieren.  Specifically,  the  recombination 
rate  constants  of  iodine  atoms,  in  the  presence  of  various  third  bodies,  were 
measured  between  300  and  1200°K,and  their  temperature  coefficients  were 
determined.  In  the  case  of  bromine  atom  recombination,  it  was  possible  to 
compare  recombination  and  dissociation  rate  constants,  obtained  in  the  same 
laboratory,  between  300  and  3000°K.  A discrepancy,  between  low  temperature 
flash  photolysis  data  and  high  temperature  shock  wave  data,  which  existed  for 
some  twenty  years,  was  successfully  resolved  for  a special  and  controversial 
case  of  bromine  in  argon. 

In  order  to  interpret  the  experimental  results  obtained,  d i ssoc i at  ion- recomb i na- 
tion reactions  were  also  studied  using  3~D  classical  trajectory  calculation 
techniques  with  Monte  Carlo  method  of  sampling.  This  technique  allows  a 
direct  comparison  between  theory  and  experiments,  because  for  d i ssoc i a t i on- 
recomb  i na  t ion  reactions,  the  potential  energy  surfaces  are  known  with  a fair 
degree  of  accuracy  from  spectroscopic  and  molecular  beam  data.  In  particular, 
trajectory  calculations  for  dissociation  reactions  were  performed  in  some  detail 
for  1^  and  B^,  and  non-equilibrium  correction  factors,  which  make  a comparison 
between  theoretical  and  experimental  rate  constants  particularly  meaningful, 
were  calculated  up  to  6000°K.  The  agreement  between  the  theory  and  experiment 
was  found  to  be  almost  embarrassingly  good;  it  will  be  necessary  in  the  future 
to  check  in  detail  various  assumptions  used  in  theoretical  calculations  in 
order  to  make  sure  that  the  agreement  is  not  spurious.  Recombination  of 
oxygen  atoms  was  also  studied  using  a trajectory  method,  and,  again  the 
agreement  with  experiment  was  found  to  be  good.  In  order  to  check  on  some 
of  the  assumptions  referred  to  above,  the  potential  energy  surface  for  H + H 
+ He  collision  was  calculated  ab  initio.  Use  of  such  a surface  would  eliminate 
one  of  the  important  uncertainties  in  3"D  trajectory  calculations.  In  order  to 
study  iodine  dissociation,  the  emission  from  shock  heated  iodine  was  interpreted 
in  detail  spectroscopically.  Using  trajectory  calculations,  it  was  shown  that, 
for  iodine,  the  three  body  recombination  in  inert  gas  (Ar)  is  predominant  below 
about  0.5  atmospheres.  Above  this  pressure,  four-and  higher  body  collisions  con- 
tribute to  recombination.  A model,  which  explains  iodine  recombination  below  25 
atmosphe res  and  above  about  100  atmospheres,  was  developed.  This  model  yields  in 
a good  agreement  with  experiment. 

In  conclusion,  an  appreciable  amount  of  experimental  data  on  recomb i na t i on- 
dissociation  reactions  was  obtained,  and  a classical  trajectory  technique  was 
developed  to  interpret  data  for  these  reactions. 
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9.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 


During  the  grant  period  several  important  developments  pushed  the  laboratory 
closer  to  its  long  term  goal  of  designing  materials  with  predetermined 
e I ect roopt i ca I properties.  New  materials  were  synthesized  that  were  highly 
luminescent  and  amenable  to  spectroscopic  investigation.  Magnetic  switching 
of  luminescence  was  demonstrated  and  the  effect  of  external  fields  on  excited 
states  was  guantified.  Geometrical  parameters  of  transition  metal  complex 
excited  states  were  also  determined. 

The  role  of  spin-orbit  coupling  in  controlling  excited  state  properties  was 
elucidated  both  experimentally  and  theoretically,  and  a guantitative  model 
of  charge  transfer  excited  states  was  enuciated  that  not  only  rationalized 
the  known  spectroscopic  behavior  of  ruthen i um( I I ) systems  but  is  extensible 
to  complexes  of  osmium(ll)  and  iridium(lll)  as  well. 

New  techniques  were  added  that  enhanced,  manyfold,  the  power  of  the  laboratory 
to  probe  excited  states.  These  included  the  utilization  of  high  power  lasers, 
the  extension  of  magnetic  fields  to  v80  kilogauss,  the  lowering  of  the 
accessible  temperature  range  routinely  to  t.1  ,5°K,  and  the  employment  of 
electronic  means  for  decay  time  measurement.  Magnetic  circularly  polarized 
luminescence  was  first  observed  from  charge- t rans fer  excited  states  and 
infrared  optical  double  resonance  was  first  successfully  demonstrated  for 
transition  metal  complexes. 
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8.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 


One  particular  aspect  of  'Energy  Migration  in  Irradiated  Solids'  has  been  emphasized 
in  this  research,  namely  the  migration  if  energy  from  an  irradiated  solid  to  acceptor 
molecules  of  another  phase  in  contact  with  the  surface  of  the  irradiated  solid.  Con- 
vincing evidence  for  this  type  of  energy  migration  has  been  developed  from  studies  at 
both  "GAS/ I RRADI ATED  SOLID"  and  "L I QU I D/ I RRAD I ATED  SOLID"  interfaces. 

Initially,  studies  of  such  interfaces  were  made  with  closed  systems  under  continuous 
illumination  at  low  intensity.  Using  UV-photons  of  wavelengths  absorbed  by  the  solid 
substrate  but  not  by  the  acceptor  molecules  in  contact  with  the  surface  kinetics  and 
mechanisms  of  photoass i sted  chemical  changes  were  established  for  the  system:  Aqueous 
E 1 ec t rol y tes/ZnO ; gaseous  Methyl  Halides/ZnO.  An  inherent  limitation  of  the  studies 
on  closed  systems  with  continuous  low  intensity  illumination  was  their  inability  to 
distinguish  between  fast  and  slow  phot oass i s t ed  processes.  Conclusions  therefore 
rested  upon  detailed  chemical  study  of  long-term  changes  in  acceptor  molecules, 
brought  about  slowly  by  uv- i I 1 uminat ion . 

Later  the  technique  of  electron  spin  resonance  was  successfully  applied,  for  the 
first  time,  to  continuously  circulating  aqueous  suspensions  of  zinc  oxide  in  order 
to  provide  new  insight  into  fast  changes  occurring  simultaneously  within  the 
illuminated  semiconducting  solid.  An  important  unifying  feature  of  the  detailed 
mechanisms  developed  for  the  energy  transfer  process  at  these  illuminated  inter- 
faces was  the  central  role  played  by  electronic  holes.  Indications  were  obtained 
from  these  studies  that  quantum  efficiencies  of  the  observed  chemical  changes 
depended  upon  the  extent  to  which  electron-hole  recombination  processes  competed 
with  the  chemical  processes  under  study. 

The  research  effort  entered  a new  phase  with  the  development  at  U.C.C.  of  unique 
apparatus  for  applying  Dynamic  Mass  Spectrometry  and  related  fast  detection 
techniques  to  time  resolve  processes  initiated  at  GAS/METAL  OXIDE  interfaces  by 
50  microsecond  pulses  of  uv-photons.  Initial  studies  of  photoass i s t ed  inter- 
actions of  flash  illuminated  ZnO  or  T i 02  with  ^Oj,  N^O  or  C2Hr0H  were  expanded 
to  include  studies  with  isotopically  enriched  gases  I “02  > '^N^n'^O  anc*  ^D^OD. 

The  technique  successfully  time-resolved  fast  f 1 ash- i n i t i ated  surface  processes 
(such  as  surface  photolysis,  or  photodesorption  of  chemisorbed  oxygen,  or 
release  of  alkene  products  from  alcohol  photodehydration)  from  slower  surface 
processes,  (such  as  post-flash  uptake  of  oxygen  by  active  surface  sites,  or 
release  of  products  of  alcohoi  photodehydrogenation).  Implications  of  these 
results  for  'Energy  Migration  within  Solids  and  across  their  Interfaces'  were 
presented  at  a Conference  to  be  held  under  that  title  at  University  College 
Cork  in  September  1976- 
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8.  ABSTRACT  OF  OBJECTIVE  AND  ACCOMPLISHMENT: 

The  present  program  has  been  concerned  with  measurements  of  integral  cross 
sections  for  a wide  variety  of  molecules  in  order  to  determine  the  so-called 
van  Ver  Waals  or  C^  coefficients  for  the  attractive  portion  of  the  pair  wise 
potential.  The  Cg  designation  stems  from  the  fact  that  at  the  relatively  large 
internuclear  distances  involved  in  total  scattering  cross  sections  for  molecules 
without  permanent  dipole  moments,  the  attractive  force  is  due  to  induced-dipole 
induced  dipole  interactions  which  make  the  potential  energy  of  the  pair  decrease 
as  the  sixth  power  of  the  internuclear  distance.  This  C^  is  the  coefficient  of 
the  l/r°  term  in  most  expressions  for  i n termol ecu  1 a r potential,  e.g.,  the 
familiar  12-6  or  Leonard  Jones  potential.  Orginalty,  relative  values  of  total 
cross  sections  over  a variety  of  collision  energies  were  planned  to  be  obtained. 
Such  measurements  provide  information  about  the  depth  and  location  of  the  so- 
.1  led  potential  well.  As  the  equipment  and  techniques  developed,  it  was  found 
••it  one  could  obtain  absolute  values  of  the  total  cross  section  with  sub- 
'antial  accuracy  and  precision.  Such  absolute  values  at  a particular  and  well 
••  ' <1  velocity  are  perhaps  the  best  way  of  obtaining  Cg  values  directly  but 

• ive  been  relatively  few  investigators  who  have  been  willing  to  take  the 
n*cessary  to  achieve  absolute  values.  Consequently,  much  of  the  effort 
•■1  to  obtaining  coefficients  for  a large  number  of  molecular  pairs. 

. ■'  test  a mixing  rule  which  Kramer  and  Herschbach  had  found  to  be 

■ •Lti.e  in  determining  force  constants  between  unlike  molecules  from 
■ i i"  behavior  with  a common  partner  was  a stimulating  factor. 

f Cf,  is  known  for  the  interaction  of  A with  B and  A with  C, 

I ••  will  predict  the  for  the  interaction  of  B with  C. 

• is  obtained  for  A wi th  a family  of  molecules,  an  effective 
1 • • it  the  prediction  of  for  the  interaction  of  any  pair 
•.  I/,  Cl  early,  an  effective  mixing  rule  together  with 

i particular  molecule  with  a wide  variety  of  collision 


partners  would  comprise  a very  useful  predictive  tool  in  the  estimation  of 
transport  and  thermodynamic  properties  which  depend  upon  the  attractive  forces 
between  molecules.  The  essential  steps  in  the  experiments  comprised:  (1) 
generating  a molecular  beam  by  passing  the  core  of  a freely  expanding  super- 
sonic jet  through  a conical  collimating  orifice  commonly  called  a skimmer;  (2) 
further  collimating  the  beam  and  passing  it  through  a scattering  box;  (3) 
measuring  the  intensity  of  the  beam  with  an  ionization  gauge  detector  after 
it  emerged  from  the  scattering  box.  The  results  are  summarized  in  tables  and 
in  addition  to  experimental  values  the  tables  include  all  values  calculated 
from  the  S 1 ater-Ki rkwood  approximation  and  from  the  mixing  rule  in  light  of 
experiments.  The  mixing  rule  does  seem  to  work  for  the  compounds  which  have 
been  tested.  In  general,  it  gives  values  within  less  than  five  per  cent  of  the 
terminal  value.  Therefore,  the  mixing  rule  can  be  used  to  calculate  values  of 
for  practically  any  combination  of  molecules  in  the  catalogue.  Perhaps  more 
suprising  is  the  effectiveness  of  the  Slater-Ki rkwood  approximation.  It  seems 
in  general  to  give  values  which  are  rarely  more  than  ten  per  cent  in  error 
and  are  usually  much  closer.  Consequently,  the  results  of  S 1 ater-Ki rkwood 
calculations  can  be  accepted  for  any  molecules  which  are  not  in  the  catalog 
but  which  are  reasonably  similar  in  a chemical  sense  to  those  in  the  catalogue. 

It  seems  that  an  ynportant  consequence  of  this  work  is  a substantial  extension 
of  the  poss i b i 1 i ty\of  estimating  thermodynamic  and  transport  properties  where 
attractive  forces  pray  a role  and  when  there  is  a paucity  of  experimental  data. 
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"Ionization  Processes  Relevant  to  the  Formation  of  New  Materials",  Harlan  L. 
Goering,  Final  Tech  Rpt. 

9.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 

This  research  program  involved  investigation  of  the  structure  and  chemistry  of 
intermediates  in  ionic  reactions  (viz.  carbonium  ion  reactions).  The  approach 
has  been  to  determine  symmetry  properties  of  product  forming  intermediates  and 
from  these  deduce  structural  details  of  these  intermediates. 

Kinetic,  isotope  tracer  and  s terochem i ca I methods  were  used.  In  connection  with 
the  latter  a new  technigue  was  developed  which  involves  the  use  of  optically 
active  nmr  shift  reagents  for  the  direct  determination  of  enantiomeric  com- 
positions. The  work  in  this  area  is  described  in  one  of  the  publications.  With 
this  technique,  problems  were  solved  that  could  not  be  handled  by  other  methods. 
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Problems  investigated  in  this  project  are  summarized  below. 

Ion-pair  return  associated  with  solvolysis  of^-  and  y - phenylallyl  p-n i t robenzoate 
has  been  investigated.  With  the  ^-isomer  return  results  in  re-formation  of  the 
original  isomer.  Return  results  in  racemization  and  randomization  of  the  carboxyl 
oxygen  atoms.  The  rate  of  oxygen  randomization  exceeds  that  of  racemization  which 
shows  return  involves  predominating  (but  not  complete)  retention  of  configuration. 

With  the^l  -isomer  return  results  in  isomeric  rearrangement  to  the K~  i somer . This 
does  not  result  in  complete  randomization  of  the  carboxyl  oxygen  atoms  which  shows 
that  oxygen  randomization  does  not  detect  all  of  the  ion  pair  return  in  this  system. 

The  6 , 7-d i methoxy-exo-2-benzonorborneny 1 system  was  also  studied.  The  preparation 
of  the  required  compounds  and  correlation  of  optical  configurations  necessary  for 
this  investigation  have  been  published.  Solvolysis  of  the  optically  active  exo- 
p-nit robenzoate  leads  to  active  products  which  shows  that  unlike  with  the  parent 
secondary  system,  the  intermediate  is  not  a symmertrical  bridged  ion.  Thus 
changing  from  secondary  to  tertiary  changes  ionization  from  assisted  to  unassisted. 

Similiar  results  were  obtained  with  the  1 , 2-d i me t hy 1 -5-norborne r-2-y 1 -sys tern . The 
preparation  of  the  required  compounds  and  correlation  of  optical  configurations 
necessary  for  this  study  have  been  published.  The  synthesis  required  an  investiga- 
tion of  the  Lewis  acid  catalyzed  Diels-Alder  reaction  of  me  thy  I eye  1 open  tad i ene  and 
this  has  also  been  published.  Solvolysis  of  optically  active  exo-l ,2 -dimethyl -5- 
norboren-2-y I p-n i trobenzoate  gives  active  products  which  shows  that  a symmetrical 
bridged  eye lopropanecarb i ny 1 cation  is  not  involved.  That  a symmetrical  bridged 
intermediate  is  involved  in  the  parent  5~norbornen-2-y 1 system  was  confirmed  by 
showing  that  solvolysis  of  optically  active  exo-p-tol uenesul fonate  gives  racemic 
products . 

In  another  study  the  solvolysis  of  exo~b i eye  1 o (3-2.1)  octan-6-y 1 -p-bromobenzenesu I - 
fonate  was  investigated.  Here  ion  pair  return  results  in  racemization  and  randomiza- 
tion of  the  sulfoxyl  oxygen  atoms.  The  objectives  of  this  work  was  to  determine  the 
symmetry  properties  of  product  forming  intermediates  and  the  amount  and  s te rochemi s t ry 
of  ion  pair  return . 

Ion-pair  return  associated  with  solvolysis  of  bicyclo  (3 . 2 . 2) -nona-3 ,6 ,8-t r ien-2-y I 
£-n i t robenzoate  was  also  investigated.  In  this  system  return  results  in  isomeric 
rearrangement  to  the  tricyclo  (3-3-1 .0^’®)  nona-3  ,b-dien-9-y 1 isomer.  This 
rearrangement  is  intramolecular  (no  exchange  with  common  ion  salts)  and  results 
in  complete  randomization  of  the  carbonyl  oxygen  atoms. 

Also  investigated  was  the  sterochemi st ry  of  the  conversion  of  allylic  chlorides  to 
cyclopropanes  by  hydroborat ion  followed  by  1,3-elimination.  Pure  E-  and  Z -j3.  r- 
d i me  thy  I a 1 I y I chloride  were  converted  to  d i met hy 1 eye  1 opropane  by  this  two-step 
process.  The  E chloride  gives  cis-dimethyl-cyclopropane  and  the  Z chloride  gives 
t rans-d imethy I cyclopropane . This  establishes  that  the  process  is  sterospeci f ic 
and  that  the  1,3  elimination  involves  inversion  of  configuration  of  the  carbon 
atom  to  which  the  boron  is  attached. 
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9.  ABSTRACT  OF  ACCOMPLISHMENTS  AND  OBJECTIVES: 

The  development  of  methods  for  measurement  of  absolute  rate  constants  of 
radical  processes  important  in  combustion  with  specific  attention  to  radical 
combination  processes  was  the  goal  of  this  research. 

A new  method  has  been  developed  for  the  determination  of  absolute  rate  constants 
for  the  recombination  of  free  radicals.  The  method  is  an  extension  of  the  VLPP 
technique  and  was  applied  to  the  study  of  the  recombination  of  ethyl  radicals, 
isopropyl  radicals,  and  t-butyl  radicals.  Application  of  the  method  required  a 
preliminary  study  of  the  decomposition  of  certain  radical  sources  under  VLPP 
conditions.  The  radical  sources  studied  are:  di-t-amy)  peroxide,  azoethane, 
azo i sopropane , 2,2'  -azo i sobutane , and  n i t roso i sobutane . In  the  case  of  the 
azo  compounds,  the  flow  dependence  of  kunj  was  used  to  estimate  collisional 
efficiencies.  It  was  found  that  alkyl  radicals  are  removed  by  a first-order 

wall  process.  The  rate  constant  for  this  process  was  found  to  be  dependent 

on  the  nature  of  the  wall. 

The  rate  constant  for  ethyl  radical  combination  was  determined  at  845  and  878°K 
using  the  very  low-pressure  pyrolysis  (VLPP)  technique.  The  value  at  both 
temperature  is  log  (K  /M*1  sec"')  = 9-7  + 0;3.  Transition  state  models 

combined  with  RRKM  calculations  indicate  that  kr/k°°  1/2  under  these  con- 

ditions, so  that  log  (k°°  /M*'  sec*')  'V 1 0 + 0.3- 

r — 

Absolute  values  of  tht  rate  constant  for  isopropyl  radical  combination  have 
been  determined  over  the  temperature  range  683-808°K.  The  value  log  (k  /M"' 
sec  *')  = 9-5  + 0.2  fits  all  the  data,  leading  to  the  conclusion  that  tlie 
temperature  dependence,  if  any,  is  slight.  It  has  been  found  that  isopropyl 
radicals  react  heterogeneously  in  a first-order  manner  with  fused  silica, 
probably  to  produce  propylene. 

The  rate  constant  for  t-butyl  radical  combination  was  determined  over  the 
temperature  range  620-690°K,  using  the  very  low-pressure  pyrolysis  (VLPP) 
technique.  The  value  of  the  combination  rate  constant,  log  kr/M*'  sec*' 

= 8.7  +0.3  and  the  d i sproport ionat ion  combination  ratio,  k^/k  3,  were 
independent  of  temperature  in  the  small  range  studied  here. 

The  four  species  (n-butane,  2 , 3-d i methyl  butane , 2,2'  ,3,3'  -tet ramethy 1 - 
butane,  and  isobutane)  were  decomposed  under  VLPP  conditions  at  temperatures 
in  the  vicinity  of  1100°K.  Three  model  transition  states  were  constructed 
that  fit  the  low-pressure  data  thus  obtained  and  that  also  yield:  (1)  E2gg 
= 4E2g8;  (2)  E||00>  (3)  log  A j j qq=  16.4/C-C  bond  broken.  The  prediction  of 
these  models  as  to  values  of  the  high-pressure  rate  constants  for  bond 
scission  and  the  reverse  rate  constants  (radical  combination)  are  compared 
wi  th  exi st i ng  data . 

Study  of  the  pyrolysis,  tBu-NO  tBu  + NO  by  VLPP  yields  for  the  Arrhenius 
parameters  kj  = 10  |6.0  0 dL  "0- 5- ( 38+1 )/9  sec* ' , where  9 = 2.303  RT  in  kca 1 / 
mole.  This  yields  for  the  high  pressure,  second-order  recombination  of  tBu 
+ M0,  k_|  * 2.0  x 109  l/mole-sec.  For  a competing  reaction  to  -1,  tBu  + NO 
^ i ~C . Hs  + HN0  , k^  (600°K)  <f  1 0^ ' l/mole-sec,  so  that  E^>4.2  kcal/mole.  The 
bond  aissociation  energy AH°(tBuN0)  = 40+^1  kcal/mole.  A new  free-volume 
model  for  the  transition  state  for  dissociation  is  shown  to  fit  the  data. 
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The  high  pressure  absolute  rate  constants  for  the  decomposition  of  n i t rosobenzene 
and  pentaf 1 uoro-n i t rosobenzene  were  determined  using  a very  low-pressure  pyrolysis 
(l/LPP)  technique.  A (C/H^NO) , L (C^F^NO) , and  A H , (C^F^ ■ ) could  be  estimated 
from  our  kinetic  data  and  group  additivity.  The  values  are  48.1  + I are  -130.9  + 

2 kcal/mole,  respectively. 

The  thermal  decomposition  of  t-butylmethy 1 ether  has  been  studied  using  the  VLPP 
technique.  The  recommended  Arrehenius  parameters  for  the  molecular  elimination 
reaction  (1)  are  A(800°K)  = 10  13.9  sec'l  and  E (800°K)  = 59.0  + 1.0  kcal/mole. 

d 
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J.  Poly.  Sci ■ , Part  B,  14,  432  (1976). 
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Ana  I y t i ca I Chem. , 47 , 353A  (1975). 


9.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 


Air  Force  requirements  in  the  area  of  polymers  for  adhesives,  sealants,  surface 
coverings,  wire  insulators  and  structural  materials  have  become  increasingly 
demanding  in  the  physical  properties  required. 

The  overall  objectives  of  the  program  has  been  to  examine  the  effect  of  variations 
in  the  chemical  and  sterochemical  structure  of  a polymer  on  its  physical,  mechanical 
and  electrical  properties.  Such  information  is  of  interest  both  on  a fundamental 
level  and  because  of  its  implications  in  the  design  of  macromol ecul a r structures 
for  specific  applications.  Within  this  general  direction  a number  of  different 
investigations  were  undertaken. 

The  effect  of  con f i gurat ion--s terochemi ca 1 structure-- in  pol y- <*,  -ch loroacry 1 i c acid 
esters  was  studied.  These  unsymet r i ca 1 1 y d isubst i tuted  vinyl  polymers  showed  a 
large  dependence  of  T on  tacticity  in  accordance  with  theory  developed  earlier. 
Other  transitional  ana  thermodynamic  properties  were  also  found  to  be  structure- 
dependent.  The  effect  of  chemical  structure  was  demonstrated  in  a different 
context  in  an  investigation  of  the  interaction  of  small  molecules,  especially 
water,  with  a seried  of  segmented  polyurethanes  with  systematically  varying  soft 
segment  compositions.  Decreasing  hydroph i 1 i c i ty  of  the  latter  substantially 
affected  transport  properties.  Evidence  for  the  amorphous  nature  of  the  bound 
water  layer  was  obtained  from  comparison  of  the  glass  transition  behavior  of  the 
dry  and  water-conta in ing  polymers. 

The  effect  of  structure  is  particularly  profound  in  the  area  of  polymer-polymer 
compatibility.  Extremely  small  changes  in  composition  in  either  or  both  con- 
stituents of  a given  binary  system  may  be  sufficient  to  remove  the  system  from 
a compatible  to  an  incompatible  regime.  These  and  other  effects  were  studied 
in  considerable  detail  in  an  on-going  investigation  of  interactions  between 
poly (2,6-dimethyl  phenylene  oxide)  and  polystyrene,  together  with  sterochemical 
and  chemical  modifications  of  the  latter  polymer.  ,'bermodynamic , mechanical  and 
electrical  properties  of  these  systems  were  studied  w h the  goal  of  determining 
characteristics  general  to  all  compatible  systems  and  of  finding  methods  of  pre- 
dict ing  behavior. 

The  solid  and  liquid  state  properties  of  a given  ensemble  of  polymers  are  functions 
of  temperature,  pressure,  and  in  the  case  of  visco-elastic  related  phenomena,  stress 
frequency.  We  have  studied  the  effect  of  these  three  parameters  in  a dynamical 
mechanical  investigation  of  polymethyl  methacrylate.  Although  important,  the 
effect  of  pressure  on  mechanical  relaxation  of  any  polymer  has  only  rarely  been 
examined.  In  the  study  undertaken  here  the  effect  of  pressure  on  both  the  <5t  - and 
S>  -relaxat ions  was  analyzed.  In  another  experiment,  apparatus  for  measuring  the 
effect  of  pressure  on  the  lattice  dimensions  of  polymer  crystals  was  developed 
and  tested  in  a broad  study  of  the  polyethylene  lattice.  The  linear  compressi- 
bilities thus  obtained  permitted  a detailed  comparison  with  thoretically  pre- 
dicted equations  of  state  for  this  macromolecule.  A further  dynamical  mechani- 
cal experiment  was  concerned  with  resonant  vibrations  in  thick  beams.  From 
measurements  and  analysis  of  higher  mode  resonances  the  contributions  of  shear 
and  elongational  deformation  could  be  separately  obtained,  thereby  providing  a 
complete  elastic  characterization  of  an  isotropic  material.  We  have  also  been 
concerned  in  one  study  with  the  properties  of  solvated  macromolecules,  in  this 
case  an  ionizable  copolymer  of  acrylic  acid  and  ethyl  acrylate.  The  experi- 
mental technique  used  was  quas i -elast ic  light  scattering  in  which  the  spectral 
broadening  and  shape  of  light  scattered  from  spontaneously  occurring  density 
fluctuations  within  the  solution  is  measured  with  a homodyne  spectrometer.  The 
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translational  diffusion  constant  is  obtained  from  such  data  together  with  the 
effects  of  hydrodynamic  and  thermodynamic  solute-solute  and  solute-solvent 
interactions  as  a function  of  solute  concentration,  pH,  ionic  strength  and 
temperature.  A number  of  miscellaneous  studies  dealing  with  bulk  properties 
of  polymers  were  completed. 
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9.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 

Under  conditions  of  high  stress  moving  parts  of  machinery,  such  as  bearings  or 
gears,  are  prevented  from  self-destruction  by  the  interposition  of  extremely 
thin  films  of  lubricants.  Since  failure  is  unlikely  to  occur  without  warning, 
examination  of  the  lubricant  in  operating  bearings  approaching  failure  appeared 
to  be  a procedure  promising  to  provide  clues  on  reasons  for  failure  and  thus  to 
provide  a basis  for  improved  lubrication.  The  method  of  analysis  chosen  was 
infrared  emission  Fourier  spectrophotometry,  a relatively  new  procedure  which 
is  particularly  well  adapted  to  thin  film  analysis  and  which  --  in  contrast  to 
absorption  spectrophotometry  --  requires  only  one  window  transparent  to  infra- 
red radiation.  The  fluid  film  heated  by  internal  friction  during  bearing 
operation  takes  the  place  of  the  source  for  the  spectrophotometer. 

This  phase  of  the  work  was  (1)  to  demonstrate  that  infrared  emission  spectro- 
photometry can  be  applied  to  bearing  contact  situations,  (2)  to  provide  back- 
ground in  the  form  of  calibration  spectra  applicable  to  such  situations,  and 
(3)  to  show  the  potential  of  the  method  in  specific  instances  relevant  to  the 
failure  problem.  Very  substantial  obstacles  had  to  be  overcome:  (1)  very 

weak  radiant  power  passed  through  the  window  and  most  of  it  originating  from 
the  solid  boundary  surfaces  rather  than  from  the  lubricant  film;  (2)  different 
fluid  and  solid  surface  temperatures;  (3)  ignorance  regarding  expected  lubri- 
cant spectral  changes  with  pressure,  temperature,  shear  rate,  and  fluid/glass 
transition.  Accordingly  most  of  the  effort  involved  the  development  of 
appropriate  hardware  and  background  information. 

Bearing  failure  is  most  likely  to  occur  when  the  solid  surfaces  bounding  the 
lubricant  are  elastically  deformed  under  so-called  e ' as tohydrodynami c (EHD) 
lubrication.  Curved  surfaces  are  then  flattened  over  the  "Hertzian"  contact 
region.  Futhermore,  sliding  is  more  severe  than  rolling,  hence  a loaded 
hearing  ball  rotating,  i.e.,  sliding,  on  a plate  was  adapted  as  a model  to 
represent  a bearing  nearing  failure.  By  making  the  plate  a diamond  window, 
some  heat  generated  in  the  contact  can  be  transmitted  as  radiation  for  spectro- 
scopic analysis.  Since  diamond  is  transparent  throughout  most  of  the  infrared 
spectrum,  the  examination  of  spectral  changes  even  in  the  "fingerprint"  infra- 
red region  (10-15  Fim)  and  in  the  lattice  region  ( >15pm)  is  feasible.  For 
calibration  of  the  spectral  information  of  the  ba 1 I -on-pl ate  apparatus  a 
high-pressure  diamond  anvil  cell  was  used  as  a "simulated  contact".  Its 
sample  volume  could  be  subjected  to  most  of  the  conditions  likely  to  prevail 
in  a sliding  EHD  Hertzian  contact  ( th i ckness  < 2jum,  open  area  v0.25mm^,  pressures 
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0-75  kbar,  temperatures  0-200°C)  except  for  shear.  As  typical  fluids,  an 
ester,  polyphenyl  ether  (5P4E)  , a standard  petroleum  lubricant,  and  a so-called 
"traction"  fluid  were  used.  A Fourier  infrared  interferometer  was  adapted  for 
all  the  spectroscopic  work. 

In  the  initial  stages  of  the  program,  absorption  spectra  were  obtained  with 
the  diamond  cell  under  various  temperatures  and  pressures.  From  the  splitting 
of  the  725-735  cm"'  CH  rocking  frequency  band  it  was  possible  to  infer  crystalli- 
zation at  certain  pressures  and  temperatures  for  the  ester  and  the  petroleum 
fluid.  Entrance  optics  were  built  to  convert  the  Fourier  infrared  inter- 
ferometer into  an  emission  mi c ro- i n te r ferome ter  and  it  was  possible  to  show 
the  equivalence  between  absorption  and  emission  spectra  at  the  same  temperature 
and  pressure.  This  achievement  constitutes  a major  breakthrough;  for  while 
infrared  emission  spectra  of  thin  layers  of  organic  material  on  metal  substrates 
have  been  obtained  by  previouv  investigators,  spectra  from  radiating  areas  as 
small  as  Hertzian  contacts  and  at  average  temperatures  as  low  as  30-50°C  very 
nearly  represent  the  limit  of  today's  instrumental  capability. 

A model  ba I 1 -on-plate  apparatus  was  then  built  for  the  same  interferometer  and 
entrance  optics.  The  window  was  located  at  the  bottom  of  a cup  containing  the 
test  fluid.  A loaded  bearing  ball  rotated  about  a horizontal  axis  while  sliding 
over  the  window  provided  the  bearing  contact.  The  apparatus  was  located  above 
the  interferometer  entrance  optics.  Precise  alignment  of  the  contact  region 
on  the  optic  axis  and  in  the  focal  plane  of  the  entrance  optics  was  essential 
and  was  achieved.  Indeed  it  was  possible  to  obtain  "dynamic"  infrared  spectra 
from  the  fluids  under  various  conditions  prevailing  in  the  Hertzian  area. 

The  analysis  of  the  spectra  gave  some  surprising  results.  It  was  possible  to 
deduce  both  ball  surface  and  fluid  film  temperatures  from  the  spectra.  When 
temperature  differences  were  plotted  against  shear  rate,  the  data  for  all  the 
fluids  fell  on  practically  the  same  curve,  which  showed  a peak  corresponding 
to  an  intermediate  shear  rate.  The  traction  fluid  reached  the  highest  tempera- 
ture difference  under  equal  conditions.  However,  the  polyphenyl  ether  would 
reach  the  highest  absolute  temperature  at  high  shear  rates  --  just  prior  to 
bearing  failure.  At  the  same  time  its  spectrum  would  change,  indicating  decom- 
position. Another  observation  was  an  intensity  change  with  shear  rate  of  one 
band,  which  could  be  related  to  polarization  of  the  emitted  radiation.  The 
mechanism  for  it  might  well  be  streaming  birefringence,  although  other 
explanations  have  not  yet  been  excluded. 

A separate  but  related  achievement  was  the  design  and  construction  of  apparatus 
to  determine  pressure  and  state  of  material  in  the  diamond  anvil  cell  from  the 
peak  frequency  and  width  of  the  fluorescence  band  of  ruby  crystals  contained 
within  the  sample.  In  contrast  to  earlier  opinion  considering  traction  as 
caused  by  glassy  particles  in  the  contact  zone,  the  traction  fluid  tested 
needed  higher  pressures  to  be  converted  into  the  glassy  state  than  the  other 
fluids  and  must  therefore  function  by  a different  mechanism. 

Work  was  started  toward  a reliable  determination  of  the  state  of  the  fluid 
(liquid  or  glassy)  from  the  dynamic  infrared  spectra. 


AFOSR  Program  Manager,  Lt  Col  R.W.Haffner 
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9.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 

The  research  included  work  on  rare  earth  perovskites  as  catalysts,  radiation  chemistry, 
radiation  damage  in  crystals,  and  electron  tunneling  in  chemistry. 

Research  on  rare  earth  perovskites  indicates  that  these  substances  show  promise  as 
replacements  for  platinum  catalysts.  The  catalytic  properties  of  the  transition 
element  compounds  appear  to  be  due  to  the  d orbitals  which  can  form  several  bonds 
simultaneously  on  a single  atom,  bonds  which  are  not  too  strong  to  be  broken  and 
yet  are  strong  enough  to  dissociate  ordinary  Sp  bonds. 

In  the  radiation  chemistry  area  research  was  concentrated  on  setting  a body  of 
principles  generally  applicable  using  data  obtained  on  hydrocarbons  in  condensed 
systems  at  low  temperature.  In  work  on  the  polymer  production  from  the  gamma 
radiolysis  of  methane  and  other  light  hydrocarbons  dissolved  in  liquid  argon, 
it  was  found  that  the  gamma  rays  ionize  the  argon  solvent  since  it  is  heavier 
and  more  abundant  but  that  the  effect  on  the  solvent  methane  is  as  though  it  were 
preferent ial ly  attached.  This  is  interpreted  as  being  due  to  electron  transfer 
by  a tunnelling  process  from  the  solute  methane,  ethane,  or  ethylene  to  the  ionized 
argon,  resulting  in  the  formation  of  the  hydrocarbon  ion  which  then  proceeds  to 
react.  A series  of  polymers  of  me thane  is  produced  beginning  with  ethane  and 
culminating  in  a C2qH^q  polymer. 

It  was  found  that  very  high  pressures  have  effects  on  organic  materials  which  are 
different  from  temperature  effects.  Reactions  can  be  made  to  occur  at  liquid 
nitrogen  temperatures  at  60,000  atmospheres  which  do  not  occur,  or  only  to  a 
small  extent,  at  room  temperature  and  the  same  pressures. 

AFOSR  Program  Manager:  Dr.  A.  J.  Matuszko 
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8.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 

Air  Force  interest  in  glass  as  a basic  constructive  material  is  two  fold.  As  a 
fiber  optic  material  its  unique  properties  make  it  useful  for  special  communicative 
applications  where  resistance  to  damaging  radiation  is  desired.  Also  special 
glasses  are  desired  for  high  strength,  impact  resistent  enclosure  for  aircraft. 

Research  has  been  performed  on  glasses  and  glass-forming  liquids  which  was 
directed  toward  (1)  microstructure  and  phase  separation,  (2)  viscoelastic  and 
structural  relaxation  in  molten  glasses  and  (3)  electrical  relaxation  phenomena. 

Interest  from  scientific  and  technological  areas  has  long  been  evident  in  the 
analytical  description  of  miscibility  gaps  in  oxide  glasses.  These  analytical 
expressions  have  been  sought  to  serve  both  as  a basis  for  physical  modeling  of 
phase  separation  thermodynamics  and  as  a simple  means  for  predicting  phase 
separation  temperatures  for  oxide  mixtures  with  compositions  of  interest.  A 
thermodynamic  approach  based  on  regular  mixing  concepts  was  applied  to  modeling 
phase  separation  in  alkali-borate  glasses.  It  was  found  to  be  quite  successful 
in  describing  the  miscibility  gap  boundaries  (or  coexistence  curve).  The  concept 
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which  must  be  introduced  to  accomplish  this  was  the  assumption  that  the  glass- 
former  phase  is  structurally  represented  by  a complex  molecule  and  the  glass- 
former-modi f ier  phase  by  a stoichiometric  compound.  This  transformation 
symmetrizes  the  coexistence  curve. 

The  regular  mixing  equation  appears  to  represent  the  data  well  when  an  additional 
entropy  of  mixing  arising  from  changes  in  the  internal  degrees  of  freedom  of  the 
system  is  included  in  the  calculation.  Following  this  approach,  five  systems 
were  treated  successfully.  The  complex  boron  trioxide  molecule  [(E^Ojlr]  was 
used  in  the  regular  mixing  analysis  of  all  the  borate  systems  considered,  since 
the  miscibility  gaps  occurred  approximately  within  the  same  temperature  range. 

The  implications  of  such  an  approach  are  interesting  but  not  surprising.  The 
existence  of  complex  glass-former  structures  in  the  melt  appears  to  offer  a 
good  explanation  for  the  behavior  of  an  increasing  number  of  physical  prop- 
erties of  molten  oxide  glasses.  An  actual  gemoetrical  description  of  the  com- 
plex boron  trioxlde  structure  was  not  possible  by  this  analysis  since  thermo- 
dynamic treatments  do  not  afford  structural  descriptions. 

Composition  fluctuations  present  in  the  supercritical  region  (the  single  phase 
region  near  the  critical  point  of  an  i mini  sc i b i I i ty  dome)  of  a multicomponent- 
glass  can  be  observed  by  replica  electron  microscopy  provided  (1)  it  is 
possible  to  quency  these  (composition)  fluctuations  to  room  temperature  through 
a large  two  phase  region  and  (2)  an  etching  agent  is  available  which  is  suffici- 
ently sensitive  to  expose  small  compositional  variations.  The  isothermal  growth 
of  such  fluctuations  in  the  supercritical  region  of  a sodium  borosilicate  glass 
having  a small  amount  of  alumina  was  studied.  The  main  effect  of  alumina  is  to 
lower  the  immi sc i b i 1 i ty  dome  and  therby  bring  the  superc r i t i ca I region  in  a 
high  viscosity  domain. 

Of  particular  interest  in  these  studies  is  the  temperature  dependence  of  the 
equilibrium  fluctuation  size,  JZ(T,Cq).  [A(T,Cq  is  the  mean  intercept  length 
of  a micrograph  of  a sample  of  average  composition,  CQ,  which  has  been  heat 
treated  at  a temperature,  T,  for  long  time.]  These  results  are  closely 
approximated  by  a power  law  £(T,CQ)  = K [ T - T (Cq)]"^  (1) 

with  three  independent  parameters:  K,  v and  T0.  For  the  two  glasses  studied: 

(i)  the  exponent,  y,  seems  to  be  the  same  for  both  glasses  and  is  about 
0.5  + 0.005, 

(ii)  the  constant,  K,  also  appears  to  be  the  same  in  both  glasses  and  is 

about  7^3  + 20  [£  (°C)  1/2]  . 

(iii)  the  constant,  TQ,  however,  is  significantly  different  for  the  two 
glasses;  i .e.  , TQ  = TQ(C-) . 

For  the  glass  without  alumina  Tq  is  about  753-5  (°C)  . For  both  glasses, 
the  values  of  T found  are  less  than  the  respective  coexistence  temperatures, 

Tp(C„). 

In  preliminary  efforts  to  explain  these  results,  it  was  suggested  that  the 
measured  2 (T,CQ)  is  some  temperature  dependent  characteristic  length  of  the 
system  and  may  be  related  to  the  correlation  1 ength , (T ,CQ) . The  classical 
theories  predict,  for  critical  composition  Cc. 

$(T,Cc)  * (T-Tc)]"v'  r-0.50.  (2) 

A reasonable  extension  of  Eq.  (2)  to  noncritical  compositions  is  obtained  by 
substituting  for  Tc  in  Eq.  (2)  the  (so-called  spinodal)  temperature  T,  (C  ) , 
i .e. , 
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S (T’C0)  - [T~TSp(C0) I"0' 50 

[The  spinodal  temperature  for  a noncritical  composition,  C,  defines  the  lower 
limit  of  metastability  of  a homogeneous  system  in  the  two  phase  region.  For 
such  a system,  the  Helmholtz  free  energy  density  f(T,C),  should  be  analytic  in 
the  entire  T-q  plane  (including  the  critical  point  and  the  coexistence  curve), 
and 


'Wlc0.vc„,  ' 0J 

Owing  to  the  remarkable  agreement  of  the  values  of  exponen t v for  the  observed 
data  [Eq.  (I)]  and  classical  theories  [Eq.  (3)].  we  assumed  that 

^(T,C0)  = const.  F((T,C0)  (4) 

where  the  proportionality  constant  in  Eq.  (4)  is  temperature  independent. 

Equation  (4)  implies  that 

T°(Co>  - Ts„  <C0>  ■ (5) 

The  purpose  of  this  work  was  to  report  an  examination  of  the  validity  of  Eq.  (5). 
For  this  purpose  an  independent  estimate  of  Tqp(CQ)  from  equilibrium  measurements 
in  the  two  phase  region  was  obtained.  In  particular,  the  volume  fraction  of  the 
minor  phase  at  various  temperatures  in  the  two  phase  region  was  measured.  The 
results  agree  with  Eq.  (5) • 

The  propagation  of  sound  waves  near  the  critical  point  can  be  used  to  examine  the 
effect  of  composition  fluctuations  of  the  diffusion  coefficient.  Longitudinal 
and  shear  ultrasonic  measurements  were  conducted  above  the  phase  transition 
temperature  of  a soda  borosilicate  glass  mixture.  The  distribution  of  volume 
relaxation  times  in  the  mixture  was  calculated  from  longitudinal  and  shear  modulus 
measurements.  The  ultrasonic  relaxation  measurements  allowed  the  investigation  of 
two  distinct  effects  in  the  distribution  of  relaxation  times  as  the  temperature 
was  lowered  toward  the  critical  point.  At  high  temperatures,  a coupling  between 
the  compresional  component  of  the  ultrasonic  wave  and  supercritical  fluctuations 
in  composition  was  observed  as  an  anomalous  broadening  of  the  distribution  of 
volume  relaxation  times.  This  interaction  allowed  a measure  of  the  average 
composition  fluctuation  I i fet imes , x p as  a function  of  temperature.  At  lower 
temperatui es , as  became  longer  than  the  volume  relaxation  times,  the  behavior 
of  the  distribution  followed  closely  the  predictions  of  an  environmental 
relaxation  model  proposed  by  these  authors  for  the  analysis  of  shear  relaxation 
processes  in  the  same  material. 

The  theoretical  basis  of  the  understanding  of  spinodal  decomposition  has  largely 
come  from  the  work  of  Hillert,  Cahn,  and  Hi  Ilian  in  the  past  decade.  Notable 
improvement  to  this  early  development  has  been  made  recently  by  Cook,  who 
considered  the  effect  of  random  thermal  fluctuations  (Analogous  to  Brownian  motion) 
on  the  spinodal  kinetics.  His  theory  provides  an  explanation  for  the  experiment 
tally  observed  curvature  in  the  R(k)/k^  plot  for  two  component  j^stems , wh^re  R ( k ) 
is  the  growth  rate  of  composition  fluctuation  with  wave  vector  k and  k - [k] • 
However,  Cook's  theory  predicts  a common  crossover  point  for  all  small-angle 
x-ray  scattering  (SAXS)  curves  which  represent  the  early  staqes  of  the  decomposi- 
tion including  the  initial,  "as  quenched"  state.  A survey  of  the  published 
5AXS  data  from  various  systems  shows  that  the  curves  from  as  quenched  samples 
do  not  intersect  those  corresponding  to  early  staqes  of  spinodal  decomposition 
at  this  common  point.  This  raises  the  question  whether  or  not  the  occurrence 
if  the  crossover  point  is  a necessary  feature  of  the  linear  spinodal  theory. 
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It  was  demonstrated  from  theoretical  considerations  that  occurrence  of  a cross- 
over point  (i.e.,  the  critical  wave  vector  for  which  the  growth  rate  is  zero) 
represents  the  onset  of  nonlinear  stages  in  the  spinodal  growth,  provided  the 
initial  conditions  are  such  that  prior  decomposition  has  not  occurred  at  some 
lower  temperature.  This  conclusion  was  verified  in  a SAXS  experiment  on  the 
620,-Pb0-AI203. 

In  recent  years,  several  studies  have  attempted  to  distinguish  between  two 
commonly  accepted  mechanisms  of  phase  separation  in  glasses,  namely,  nucleation 
and  growth  (N&G)  and  spinodal  decomposition  (SO) . The  studies  using  light  or 
small  angle  x-ray  scattering  can  directly  verify  Gahn's  spinodal  decomposition 
theory  which  predicts  the  preferential  growth  of  a selected  band  of  Fourier  com- 
ponents of  the  composition  fluctuations  in  the  scattering  spectra.  The  prediction 
for  N&G  mechanism  is  quite  different,  in  that  no  such  selective  growth  is  expected. 
Electron-microscope  studies  are  based  on  the  notion  that  while  the  N&G  process 
produces  initially  isolated  minor  phase  particles  distributed  randomly  in  the 
matrix  phase  (assuming  no  foreign  surfaces  exist  in  the  melt),  the  SD  produces 
an  interconnected  morphology  in  which  both  phases  are  connected  over  large 
distances  in  the  sample.  It  is  emphasized  that  these  predictions  are  for  early 
stages  of  the  phase  separation,  and  coarsening  in  later  stages  is  expected  to 
produce  a break  in  the  interconnectivity  of  the  spinodal  microstructure.  On  the 
other  hand,  interconnectivity  in  N&G  microstructure  can  result  by  an  intersecting 
growth  mechanism  as  proposed  by  Haller.  In  view  of  these  difficulties,  the  mor- 
phological method  of  distinguishing  between  the  N&G  and  SD  mechanism  remains 
con t rovers i a I . 

Volume  fraction  of  the  minor  phase  in  an  alumina  doped  sodium  borosilicate  glass 
inside  the  immiscible  region  was  studied.  It  was  shown  that  such  a study  permits 
a distinction  between  the  two  mechanisms  of  phase  separation,  namely  spinodal 
decomposition  and  nucleation  and  growth.  For  spinodal  decomposition,  the  volume 
fraction  decreases  initially,  whereas  for  nucleation  and  growth  it  increases 
with  heat-treatment  time. 

Critical  point  theories  have  generally  predicted  that  the  diffusion  coefficient 
vanishes  at  the  transition  temperature.  Near  the  transition  temperature  of  oxide 
glasses,  we  have  observed  large  but  finite  increases  in  viscosity  which  are 
related  to  inverse  of  the  diffusion  coefficient.  However,  far  below  the  trans- 
ition temperature  "anomalous"  viscosity  behavior  should  be  expected  due  to  the 
two-phase  nature  of  the  glass. 

In  this  paper  viscosity  and  electron  microscopy  measurements  were  reported  on  a 
phase  separating  glass  as  a function  of  time,  at  various  temperatures.  The 
viscosity  changed  by  five  orders  of  magnitude  during  the  phase  separation  in  a 
time  period  identified  to  be  solely  in  the  coarsening  stage  by  electron  micro- 
scopy. The  stage  during  which  composition  changes  are  dominant  occurs  very 
quickly  despite  the  high  starting  viscosity  ( 1 0 1 1 P ) and,  therefore,  is  nearly 
complete  before  reliable  viscosity  data  can  be  obtained  (2  min).  Analysis  of 
the  rate  of  increase  of  the  average  particle  size  identified  a rearrangement 
stage  proceeding  by  bulk  diffusion  through  the  fluid  phase  with  an  apparent 
activation  energy  of  98  k/cal  mole  (A-lxlo5  J/mole).  Superposition  of  the 
viscosity-microstructure  size  cirves  for  various  temperatures  demonstrated  that 
the  change  in  viscosity  was  totally  controlled  by  the  growth  of  the  viscous 
phase  whose  activation  energy  for  viscosity  is  132  k/cal  mole  ( 5 ‘ 52  x 10^  J/ 
mole).  The  change  of  viscosity  with  time  was  explained  in  terms  of  changes  in 
the  size  of  the  microstructure  by  applying  an  environmental  relaxation  model 
proposed  by  two  of  the  authors. 
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Structural  Relaxation  and  Viscoelasticity:  The  objective  of  this  research  was 

to  arrive  at  an  accurate  empirical  description  of  the  kinetics  of  the  variation 
of  properties  during  structural  relaxation,  particularly  in  response  to  com- 
plicated pressure  or  temperature  histories. 

When  a liquid  is  rate  cooled  or  heated  through  the  glass  transition  region,  the 
onset  of  glass-like  behavior,  i.e.,  structural  relaxation  effects,  is  often 
characterized  in  terms  of  the  glass  transition  temperature,  Tq,  which  specifies 
roughly  the  temperature  of  the  "break"  in  the  property-temperat ure  curve.  It 
was  known  that  the  observed  value  of  Tq  for  a glass  depended  on  heating  or 
cooling  rate  q.  It  was  shown  that  this  interdependence  of  Tq  and  q could 
yield  information  on  the  kinetic  parameters  controlling  the  structural  relaxa- 
tion, in  particular  that 

d | n |q|  /d(l/Tq)  ~ -A  h'VR  * (6) 

where  R is  the  ideal  gas  constant  and^  h is  the  activation  enthalpy  for 
the  relaxation  times  controlling  the  structural  relaxation.  The  conditions 
necessary  for  the  validity  of  this  relaxation  are  that  the  structural  relaxa- 
tion be  describable  by  a tempera t u re- i ndependen t distribution  of  relaxation 
times  and  that  the  glass  be  cooled  from  a starting  temperature  well  above  the 
transition  region  and  subsequently  reheated  at  the  same  rate  starting  from  a 
temperature  well  below  the  transition  region.  Experimental  measurements  of  Tq 
vs.  q were  presented  for  As2Ses,  E^O^,  potassium  silicate,  and  borosilicate 
crown  glasses.  ^ h was  found  to  be  equal  within  experimental  error  to  the 
activation  enthalpy  for  the  shear  viscosity. 

It  is  often  not  possible  to  measure  T over  a wide  range  of  cooling  or  heating 
rates  because  of  lack  of  sensitivity  of  the  measuring  instruments  at  low  rates 
and  the  problem  of  temperature  gradients  at  high  rates.  It  was  shown  that  by 
monitoring  the  variation  of  a property  during  heating  at  a convenient  experi- 
mental rate  after  cooling  through  the  glass  transition  region  at  a variety  of 
rates  q,  the  dependence  of  the  limiting  fictive  temperature  TJ-  attained  by  the 
glass  after  rate  cooling  can  be  measured.  It  was  shown  by  extending  an  earlier 
theory  of  Ritland  to  the  case  of  a spectrum  of  relaxation  times  that  the  depen- 
dence of  T|-  on  cooling  rate  q is  given  by 

d |n  |g|  /d(l/Tp  -Ah*/R  (7) 

Measurements  of  T j.  versus  q for  the  property  enthalpy  H were  carried  out  by 
differential  scanning  calorimetry  for  three  glasses;  typical  results  are  shown 
for  glass  in  Fig.  3-  TheAh*  values  assessed  via  Eq.  (7)  were  in  good 

agreement  with  the  shear  viscosity  activation  enthalpies  in  the  glass  trans- 
ition reg i on . 

The  technique  of  digital  correlation  light  scattering  spectroscopy  was  applied 
to  the  measurement  in  an  oxide  glass  (0.5  Na20  - 0.5  I^O  - 3 S i 0 ^ ) of  linear 
viscoelastic  relaxation.  Light  is  scattered  in  the  liquid  from  index  of 
refraction  (and  hence  density)  fluctuations.  Since  these  fluctuations  grow 
and  decay  via  the  structural  relaxation  process,  correlation  analysis  of  the 
time  dependence  of  the  intensity  of  the  scattered  light  at  several  temperatures 
gives  the  linear  relaxation  kinetic  parameters  A,4h*  and  Z3  for  relaxation  of 
longitudinal  strain  in  response  to  longitudinal  stress.  Digital  correlation 
spectroscopy  allowed  measurements  of  relaxation  on  time  scales  in  the  range 
10””  to  10^s,  i.e.,  in  the  upper  end  of  and  somewhat  above  the  glass  transition 
region.  This  region  is  generally  inaccessible  by  other  relaxation  techniques. 

As  predicted,  the  temperature  dependence  of  the  longitudinal  relaxation  times 
measured  by  this  technique  agreed  well  with  that  of  the  shear  viscosity. 
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The  digital  correlation  spectroscopy  technique  was  used  to  characterize  linear 
viscoelastic  relaxation  in  vitreous  BO  over  an  extensive  temperature  range. 

It  was  found  that  the  parameter,  character i z i ng  the  distribution  of  relaxation 
times,  was  temperature  dependent  in  regions  where  the  shear  viscosity  activation 
enthalpy  exhibited  a temperature  dependence.  This  supports  models,  which  pre- 
sumed that  transport  in  highly  viscous  liquids  is  based  on  cooperative  motion 
of  regions  of  large  size. 

The  f^O-I^O,  system,  along  with  other  alkali  borate  systems,  shows  peculiar 
viscosity  behavior.  As  K^O  is  added  to  B2O3,  the  viscosity  isotherm  passes 
first  through  a minimum  and  then  through  a maximum.  Ultrasonic  relaxation 
studies  showed  that  the  minimum  and  the  maximum  are  due  to  the  behavior  of 
the  most  probable  relaxation  time  and  to  the  width  of  the  distribution  of 
relaxation  times  for  longitudinal  stress.  These  results  support  a aiodel  v/hich 
accounts  for  the  viscosity  on  the  basis  of  the  effect  of  the  K2O  content  on 
the  relative  numbers  of  BO^  and  BO^  groups  in  the  melt.  The  ultrasonic  relaxa- 
tion measurements  show  no  indication  of  a previously  suggested  phase  transition 
in  this  system. 

Electrical  Relaxation  Phenomena:  The  dielectric  constant  £'and  electrical  con- 

ductivity <f  of  a g 1 ass- formi  ng  AO  mol  CafNO^^-kO  molk  KNOj  melt  were  measured 
over  a frequency  range  of  0.02  Hz-1  MHz  and  a temperature  range  of  25*96'. 
Measurements  were  carried  out  both  on  the  equilibrium  liquid  above  60"  and  the 
nonequilibrium  glass  below  60  ' . This  was  the  first  time  a thorough  set  of 
electrical  relaxation  measurements  had  been  carried  out  on  both  glass  and  liquid. 

The  observed  frequency  dispersions  in  £'and  O'  were  attricuted  to  a nonexponential 
decay  of  the  electric  field  via  the  ionic  diffusion  process  and  analyzed  as  such. 

It  was  found  that  the  electric  field  relaxation  was  well  described  by  the  decay 
f unct ion  0 ( t ) = exp  [-  ( t /'t'0)  & ] ‘ 0 </?  £ I . Typ  i ca 1 results  are  shown  in  Fig.  5 
for  M ' ( U2)  and  M"  ( & ) . 

The  mean  electric  field  relaxation  time,  for  The  liquid  was  found  to  be 

faster  than  the  mean  shear  stress  relaxation  time,  <rs>,  by  a factor  ranging  from 
10  to  10**  over  the  temperature  range  96-60°,  indicating  a solid-like  ionic  con- 
ductivity mechanism  in  the  highly  viscous  melt.  The  activation  enthalpy  for  the 
electrical  conductivity  dropped  from  78  kcal/mol  for  the  equilibrium  liquid  to 
2A  kcal/mol  for  the  glass.  The  difference  between  liquid  and  glass  activation 
enthalpies  was  attributed  to  thermally  induced  structural  changes  in  the  equili- 
brium liquid.  The  width  of  the  spectrum  of  electric  field  relaxation  times  was 
temperature  independent  for  the  glass  but  broadened  with  increasing  temperature 
for  the  liquid.  From  this  it  was  concluded  that  the  source  of  the  spectrum  of 
relaxation  times  was  the  microscopic  heterogene i th  of  the  vitreous  system  and 
that  the  temperature  dependence  of  the  width  of  the  spectrum  for  the  liquid 
reflected  thermally  induced  structural  changes. 

When  one  alkali  is  replaced  by  a second  alkali  in  a network  glass  (e.g.,  glasses 
in  the  series  X Na20  - ( 1 - X ) K2  0 - 3 S i O2  with  0£  X^l)  the  ionic  transport 
properties  show  striking  departures  from  additivity.  For  example,  the  electrical 
conductivity  at  intermediate  compositions  passes  through  a minimum  that  may  be  as 
much  as  a factor  10°  below  the  conductivity  value  predicted  from  additivity.  Like- 
wise in  mixed  alkali  glasses  there  is  observed  a strong  mechanical  relaxation 
(relaxation  of  shear  stress  in  response  to  applied  shear  strain)  that  is  absent 
in  the  corresponding  single  alkali  glasses.  Previous  investigators  found  a minimum 
in  dielectric  loss  at  temperatures  and  compositions  where  a strong  mechanical 
relaxation  peak  is  observed.  They  concluded  that  the  mechanism  responsible  for 
the  mixed  alkali  mechanical  relaxation  peak  (possibly  exchanqe  of  sites  between, 
e.g.,  a Na  and  a K+  ion)  was  electrically  inactive. 

192 


An  investigation  of  both  mechanical  and  electrical  relaxation  in  a 0.5  ^£0  - 
0.5  K^O  - 3 SiO^  glass.  Plots  of  the  real  part  of  the  normalized  mechanical 

modulus,  N',  and  of  the  normalized  electrical  modulus,  N'e|(  = M'  (u^/M00), 
versus  a reduced  frequency  tv't'j  show  that  the  electrical  relaxation  curve 
lies  at  much  higher  frequencies  than  the  mechanical  relaxation  curve.  This 
means  that  the  electric  field  decays  much  faster  (perhaps  via  the  diffusion 
of  the  more  mobile  cations)  than  does  the  mechanical  stress  field.  Hence  the 
mixed  alkali  mechanical  peak  does  not  have  an  observed  electrical  analog,  not 
because  the  process  responsible  for  the  mechanical  relaxation  is  inherently 
electrically  inactive,  but  rather  because  the  driving  force  (the  electric 
field)  vanishes  inside  the  glass  much  faster  than  the  mixed  alkali  process 
is  capable  of  responding  to  it. 

There  was  some  question  as  to  whether  the  mixed  alkali  effect  was  confined  to 
properties  associated  with  ionic  transport  or  whether  mixed  alkali  effects 
could  be  observed  in  equilibrium  thermodynamic  properties  and  in  dynamic 
properties  associated  with  rearrangement  of  the  network,  e.g.,  viscosity  and 
structural  relaxation.  To  partially  answer  this  question,  heat  capacities  of 
a series  of  mixed-alkali  glasses  of  composition  (in  mol%)  2A.4(Na20  + K2O ) - 
75-6  S i 0 2 were  measured  in  the  transition  region  by  differential  scanning 
calorimetry.  It  was  found  that  the  glass  heat  capacities  at  700K  and  the 
equilibrium  liquid  heat  capacities  were  the  same  for  all  glasses  on  a per-g. 
atom  basis  and  equal,  respect ively,  to  5.6  +0.1  and  6.8  +_  0.1  cal/g.atomK. 
The  glass  transition  temperatures  exhibited  negative  deviations  from  addi- 
tivity, but  the  heat  capacity  curves  in  the  transition  region  of  all  the 
glasses  for  identical  heating  rates  and  thermal  histories  could  be  super- 
imposed on  the  same  reduced  plot.  This  behavior  indicated  that  the  shape 
of  the  structural  relaxation  functions  are  the  same  for  all  the  glasses. 

These  results  support  the  conclusion  that  there  is  no  unique  "mixed-alkali 
effect"  on  thermodynami c or  structural  relaxation  properties  and  that  the 
term  should  be  reserved  for  properties  relating  to  ionic  transport. 
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9.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 

The  objective  of  this  program  was  to  provide  a better  understanding  of  the  mole- 
cular and  ionic  interactions  in  liquid  crystal  electroopt ical  effects.  These 
studies  on  the  electrochemical  and  structural  effects  of  conductivity  dopants 
on  the  mechanism  of  dynamic  scattering  in  phenyl  benzoate  nematic  liquid  crystals 
have  helped  define  major  improvements  in  the  performance  characteristics  and  the 
operational  lifetime  of  dynamic  scattering  displays.  The  following  is  a brief 
summary  of  these  accomplishments: 
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Electrochemical  studies  in  solvents  showed  that  while  liquid  crystal  compounds 
undergo  irreversible  oxidation  and  reduction  reactions,  redox  dopants  undergo 
reversible  reactions  at  lower  potentials.  This  is  the  basis  of  using  these 
redox  dopants  in  liquid  crystals  to  improve  the  stability  of  dc  dynamic  scatter- 
ing. 

Studies  of  a redox  dopant  pair  in  nematic  ester  liquid  crystals  showed  long- 
term operational  lifetimes  (two  years  of  continuous  operation  at  20  V dc)  for 
dc  dynamic  scattering  in  test  cells.  These  dopants  also  improved  performance 
by  describing  the  dc  threshold  for  scattering  to  V2  V and  by  giving  scattering 
levels  in  the  10  to  20  V range. 

The  mechanism  of  dc  dynamic  scattering  in  an  ester  liquid  crystal  was  shown  to 
depend  upon  the  structure  of  the  dopants.  Salts,  electron  donors  and  electron 
acceptors  all  showed  different  microscopic  flow  patterns.  These  results 
showed  that  unipolar  charge  injection  and  space  charge  flow  occur  with  a 
single  redox  dopant  (donor  or  acceptor)  and  that  the  dynamic  scattering  tur- 
bulence occurs  mainly  at  the  opposite  electrode  from  the  charge  injection 
react i on . 

The  conductivity  anisotropy  of  liquid  crystals  is  shown  to  be  highly  dependent 
on  the  structure  of  the  conductivity  dopants  as  well  as  the  structure  of  the 
liquid  crystals  to  which  they  are  added.  The  threshold  voltage  for  ac  dynamic 
scattering  in  a given  liquid  crystal  decreases  with  increasing  values  of  the 
conductivity  anisotropy  ratio  (<f,|//<jj.)  in  general  agreement  with  the  Carr-Hel  f r i ch 
theory.  The  optical  density  of  scattering  at  30  V rms  is  directly  proportional 
to  (f  II  /(fjL  ■ Thus  the  dynamic  scattering  characteristics  of  a display  cell  are 
highly  dependent  upon  the  structure  and  conductivity  anisotropy  of  the  dopants. 

The  ac  dynamic  scattering  threshold  voltage,  response  times,  and  turbulent  flow 
patterns  are  dependent  on  the  surface  alignment  of  the  liquid  crystal.  The 
threshold  voltage  increases  linearly  with  decreasing  values  of  cos9,  where  0 
is  the  average  tilt  angle  of  the  liquid  crystal  off  the  two  electrode  surfaces 
of  a thin  transparent  cell.  The  response  times  are  fastest  for  surface-parallel 
alignment  (0  = 0°).  The  scattering  versus  voltage  curves  indicate  that  surface- 
parallel  alignment  is  best  for  gray  scale  displays  with  fast  response  times, 
while  surface-perpendicular  alignment  (0  = 90°)  is  best  for  two-level  multiplexed 
displays  with  slow  decay  times. 
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9.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 

This  research  continues  the  effort  begun  within  the  background  of  a resurging 
interest  'n  atomic  and  molecular  beam  scattering  and  the  development  of  a host 
of  new  surface  spec t roscop ies . The  emphasis  of  the  atomic  scattering  has  been 
on  developing  atomic  helium  scattering  as  a tool  for  investigating  surface 
structure  and  atomic  morphology.  The  chemical  systemiatics  has  emphasized  the 
interaction  of  oxygen  with  noble  metals  and  the  role  of  adsorbed  oxygen  in 
oxidation  catalysis  and  corrosive  oxidation.  LEED,  Auger  Spectroscopy,  and 
programmed  desorption  have  been  the  principal  experimental  techniques  which 
have  been  used  in  addition  to  the  atomic  scattering.  Theoretical  studies 
applying  semiclassica!  theory  to  atomic  scattering  has  been  singularly  success- 
ful and  molecular  orbital  techniques  are  being  applied  in  a limited  way  to  some 
chemisorption  problems.  A small  effort  has  also  been  directed  toward  under- 
standing imbibation  of  liquids  in  porous  media  in  order  to  systematize  catalyst 
impregnation  techniques.  This  work  seems  applicable  also  to  some  key  problems 
in  monopropellant  catalyst  stability. 

The  scattering  of  the  rare  gases  from  Ag (111)  demonstrated  that  adsorption  of 
background  gases  was  negligible  on  silver  and  established  that  helium  scattering 
could  be  used  as  a tool  to  characterize,  qualitatively,  the  state  of  a silver 
scattering  target.  This  has  permitted  useful  scattering  measurements  in  many 
laboratories  without  LEED  and  Auger  within  the  scattering  chamber.  The  silver 
scattering  also  fits  with  the  phenomenological  identification  of  scattering 
within  the  three  regimes,  quas i -e I ast ic , inelastic,  and  trapping  dominated, 
and  established  the  well  depth  reduced  by  the  beam  energy  as  the  dominant 
scattering  parameter.  Work  with  polyatomic  molecules  on  Pt(lll)  showed  this 
parameter  to  be  more  important  than  internal  molecular  structure  or  the  surface 
to  gas  atomic  mass  ratio.  Theoretical  analysis  of  expected  residence  times  for 
molecule  initially  trapped  at  solid  surfaces  but  not  thermally  accommodated 
gave  appropriate  correction  to  the  square-well  trapping  theory  developed  earlier. 

Rare  gas  scattering  from  W ( 1 12) , a ridge-trough  structured  surface,  showed 
well-resolved  diffraction  for  helium  scattering  and  rainbow  patterns  for  neon. 
Only  uni-lobular  scattering  was  observed  for  argon  and  the  heavier  rare  gases. 
Application  of  semiclass ical  scattering  theory  to  these  experiments  reveals  a 
scattering  pattern  which  can  be  envisioned  as  a product  of  the  classical 
scattering  envelope,  an  inter-cellular  interference  function  or  "structure" 
factor,  and  a series  of  & functions  which  give  the  Laue  diffraction  con- 
ditions. The  classical  part  gives  the  rainbow  pattern  which  is  observed  (neon) 
when  the  broadening  induced  by  the  energy  spread  in  the  incident  beam  is  large 
compared  to  the  separation  between  diffraction  features.  When  beams  are  more 
broadly  spaced,  each  beam  within  the  rainbow  angles  is  resolved,  but  is 
modulated  by  the  classical  envelope.  Application  of  this  analysis  to  the 
W ( 1 12)  surfaces  has  shown  that  the  helium  scattering  cross-section  for  tungsten 
atoms  is  approximately  double  the  cross-section  deduced  from  the  crystal  radius 
and  the  repulsive  wall  is  much  "softer"  than  that  deduced  for  lithium  fluoride. 
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Helium  scattering  from  an  oxygen-covered  W ( 1 12)  surface  with  a (1x2)  diffraction 
pattern  has  demonstrated  the  utility  of  atomic  diffraction  for  studying  adsorbed 
monolayers  and  demonstrated  that  the  W { 1 12)  - (1x2)  is  surface  reconstruction 
rather  than  the  subsurface  reconstruction  that  others  have  suggested  from  only 
LEED  studies. 

The  observed  chemical  systematics  of  ethylene  adsorption,  dissociation,  and  thermal 
decomposition  on  Pt(lll)  have  been  essentially  reproduced  by  CESO-BEBO  calculations 
and  EHMO  and  CNDO  calculations  of  atomic  hydrogen  adsorption  on  beryllium  clusters 
have  been  compared  to  ab  initio  calculations.  Not  surprisingly  the  EHMO  are  found 
to  be  inadequate  even  to  give  the  correct  qualitative  behavior  for  this  system. 

Adsorption  of  oxygen  has  been  found  to  be  slightly  activated  on  Pt(lll)  but  not 
activated  on  Pt(llO).  The  resulting  adsorbed  oxygen  (believed  to  be  atomically 
adsorbed)  reacts  with  near  unity  reaction  probability  with  hydroqen  and/or  carbon 
monoxide  which  is  independent  of  the  oxygen  coverage  down  to  1-5  of  a monolayer. 

On  Pt(llO)  an  epitaxial  surface  oxide  nucleates  at  temperatures  above  700°C  which 
appears  to  be  platinum  oxide  and  is  stable  up  to  I000°C.  The  surface  chemistry 
of  the  low  temperature,  chemisorbed  oxygen  can  account  qualitatively  for  the 
observed  rates  of  oxidation  catalysis  in  auto  exhaust  mufflers.  These  high 
rates  are  also  present  in  hydrazine  decomposition  on  monopropellant  iridium 
catalysts  and  similar  studies  on  single  crystals  might  also  yield  the  con- 
trolling catalytic  kinetics. 
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9.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 

This  research  program  involved  fundamental  studies  of  the  reactions  between  metal 
and  nonmetal  electrodes  and  non-aqueous  mol  ton  salt  electrolytes.  Such  systems 
have  been  shown  to  have  the  potential  of  providing  higher  energy  cells  than  are 
possible  in  the  more  conventional  aqueous  systems.  The  ac i d-dependen t chemistry 
of  sulfur  was  investigated.  The  Nernst  behavior  of  the  S/S=  couple  was  in  accord 
with  S-  + Ae  = 2S~  and  the  acid-base  dependence  can  be  expressed  as  S~  + AlClj^ 

AISCI  + 3C I " . This  explains  the  solubilization  of  metal  sulfides  in  acid- 
ch 1 oroa I umi nate  systems.  Oxides,  selenides  and  tellurides  show  much  the  same 
behavior  as  sulfides.  The  stoichiometry  indicates  that  the  neutralization 
reaction  for  these  bases  may  be  written  x”  + 3 A 1 2^7  V A1XCI  + 5AICI^  where  X 
is  S,  0,  Se  or  Te.  A detailed  electrochemical  study  of  selenium  was  undertaken. 

The  following  mechanism  can  be  proposed:  Se  + 3C 1 SeC  1 o + 2e;  SeC  I ■>  + 2CI" 

^ SeC I + 2e . 

Selenium  also  appears  to  exist,  as  determined  poten t i ome t r i ca I I y , as  a dimer. 

The  electrochemistry  of  various  molybdenum  species  was  studies.  Mo(V)  reacts 
to  form  Mo ( I I I ) which  is  further  reduced  to  Mo ( 1 1 ) and  Mo(0).  The  last  two 
steps  involve  considerable  surface  chemistry.  A mechanism  is  postulated  to 
explain  the  Mo(V)  + 2e  ? Mo (111)  electrode  process. 
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9.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 

The  experimental  program  was  designed  to  examine  hydrazine  and  hydrazine- 
derivatives  as  solvents  for  various  electrolytes.  In  principle  such  solvent/ 
solute  mixtures  could  permit  a wide  range  of  electrochemical  reactions  which 
cannot  be  achieved  in  aqueous  solutions.  Hydrazine  azide  as  a e I ect rochemi ca I 1 y 
active  solute  was  selected  because  of  the  high  theoretical  oxidation  potential 
for  the  azide  ion.  The  kinetics  of  more  conventional  metal-metal  ion  couples 
were  also  investigated. 

The  effect  of  impurities  on  the  electrochemical  properties  of  hydrazine  was 
investigated  using  as-received  and  specially  purified  samples.  A purification 
procedure  was  developed  which  consisted  of  drying  over  CaH2  followed  by  vacuum 
distillation.  This  procedure  resulted  in  hydrazine  with  0.05  percent  water  and 
less  than  10  ppm  C02- 
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Conductivity  Measurements  were  used  to  characterize  the  effects  of  water,  carbon 
dioxide  and  aniline  (the  three  major  impurities  in  hydrazine)  on  the  electro- 
chemical properties  of  hydrazine.  Aniline  had  no  effect  on  conductivity.  The 
conductivity  as  a function  of  water  content  was  found  to  obey  the  Onsager 
relationship  for  water  concentrations  up  to  1.0  percent  provided  the  hydrolysis 
reaction  with  hydrazine  was  taken  into  account.  Above  1.0  percent  water  ionic 
association  is  evident  and  the  effect  of  water  on  the  ionic  nature  of  hydrazine 
is  minimized.  Thus  elaborate  purification  procedures  are  not  necessary  in  order 
to  use  hydrazine  as  a solvent. 

The  effect  of  carbon  dioxide  on  the  conductivity  of  hydrazine  was  complex.  It 
appears  that  both  carbazic  acid  and  ammonium  carbonate  are  formed.  It  has  been 
found  that  exposure  of  hydrazine  to  air  must  be  minimized  in  order  to  maintain 
a carbon  dioxide  concentration  on  the  order  of  10  ppm.  Proper  control  of  the 
impurity  levels  resulted  in  hydrazine  samples  that  could  be  used  in  electrode 
polarization  studies  without  encountering  interfering  reactions. 

Electrode  polarization  studies  on  platinum  in  hydrazine  indicated  a total 
potential  range  of  about  1.2  volts  without  hydrazine  decomposition.  The 
cathodic  reaction  is  diffusion  controlled  and  proceeds  according  to: 

2N2H5+  + 2e  --  2N2H/4  + H2 

The  anodic  reaction  is  activation  controlled  and  proceeds  according  to: 

5/2N2Hk  --  2N2H5+  + l/2N2  + 2e 

Polarization  experiments  using  hydrazine  azide  as  a solute  merely  increased  the 
conductivity  of  the  system.  There  was  no  evidence  of  azide  ion  discharge.  These 
experiments  were  repeated  using  monome t hy 1 hyd raz i ne  as  a solvent.  The  cathodic 
process  was  the  same  as  in  hydrazine.  In  the  absence  of  a supporting  electrolyte 
it  was  possible  to  obtain  a total  potential  range  of  -3  volts.  In  the  presence 
of  solutes  (including  hydrazine  azide)  the  cathodic  overpotential  was  the  same 
as  in  hydrazine,  but  there  was  no  evidence  of  nitrogen  evolution  at  overpotentials 
as  high  as  +kV  (i.e.,  no  azide  in  activity). 

Studies  of  a variety  of  metal-metal  ion  couples  in  hydrazine  indicate  that 
aluminum  and  magnesium  have  high  overpotentials  for  solvent  decomposition  and 
low  overpotent ia I s for  the  metal -metal  salt  couple.  The  aluminum  electrode 
does  not  appear  to  be  reversible,  but  the  magnesium-magnesium  chloride  system 
indicates  high  reversibility  at  low  overpotentials. 

The  results  suggest  that  a research  program  should  be  conducted  in  which  selected 
metal-metal  ion  and  meta I - i nsol ub I e metal  salt  couples  would  be  investigated  as  a 
function  of  solvent  composition  and  solute  concentration  in  terms  of  high  open- 
circuit  potentials  and  low  overpotentials.  The  solvent  studies  have  been  brought 
to  the  point  where  the  so  I vent -e 1 ec t rode  interactions  are  well  understood,  and 
the  specific  electrode  processes  can  be  studied  without  problems  associated  with 
the  solvent. 
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10.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 

The  goal  of  the  research  is  the  elucidation  of  the  primary  physical  and  chemical 
processes  following  photo-excitation  of  a molecule.  A variety  of  approaches  has 
been  used,  all  addressed  to  answering  one  or  more  of  the  following  questions: 

(1)  What  general  principles  determine  the  nature  of  the  primary  products  of 
a photochemi ca I reaction? 

(2)  How  does  the  excitation  process,  e.g.,  the  initial  state  selected,  the 
use  of  coherent  versus  incoherent  light,  etc.,  influence  the  reaction  products? 

(3)  Does  internal  energy  transfer  compete  with  bond-breaking  or  isomerization? 
When  and  under  what  conditions  is  this  important? 

(A)  Can  reaction  pathways  be  selected  or  optimized  by  controlled  excitation  of 
selected  initial  states? 

For  several  years  before  the  contract  period  under  discussion,  the  principal 
investigator  participated  in  the  development  of  a general  theory  of  radiation- 
less processes  and  initiated  the  application  of  that  theory  to  photochemical 
reactions.  The  central  theme  of  the  theory  is  deceptively  simple,  namely  that 
an  initially  prepared  state  of  a molecule  is,  in  general,  nonstationary.  The 
kind  of  nonstationary  state  prepared  depends  both  on  details  of  the  molecular 
spectrum  of  states  and  on  the  nature  of  the  excitation.  The  evolution  of  the 
prepared  nonstationary  state,  which  determines  the  nature  of  the  reaction,  is 
also  influenced  by  the  character  of  the  spectrum  of  the  molecule,  the  intra- 
molecular couplings  and  rates  of  relaxation,  the  absence  or  presence  of 
collisions,  etc.  Reduction  of  the  general  theory  by  application  to  specific 
problems  has  been  one  of  the  principle  activities  during  the  contract  period. 

There  has  been  fruitful  exchange  of  insights  as  the  theory  and  the  experimental 
work  developed  side  by  side.  Practical  application  of  the  findings  of  this 
research  will  depend  on  whether  or  not  one  can  learn  to  control  the  coupled 
excitation  and  evolution  of  nonstationary  molecular  states  and  therby  develop 
a selective  photochemistry, 

Given  the  participation  in  the  development  of  the  general  theory  of  radiation- 
less processes,  it  was  natural  this  research  plays  a role  in  testing  that 
theory.  Because  of  the  influence  of  the  initial  state  on  the  rate  emphasized 
in  the  theoretical  analysis,  attention  was  focussed  on  determining  the  roles  of 
the  extent  of  vibrational  excitation,  amplitude,  frequency  and  origin  shifts. 
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and  symmetry,  for  a typical  rad i a t ion  1 ess  process.  The  method  selected,  nano- 
second time  resolved  single  vibronic  level  fluorescence  spectroscopy,  has  also 
been  used  to  study  some  photochemical  reactions.  That  this  is  possible  is 
testimony  to  the  value  of  information  obtained  for  photophysical  radiationless 
processes,  and  the  transferability  of  concepts  for  the  description  of  photo- 
chemical reactions.  A rather  extensive  test  of  the  theory,  for  the  case  of 
intersystem  crossing,  has  been  completed,  using  as  test  cases  benzene,  several 
partially  deuterated  benzenes,  aniline  and  deuterated  anilines,  and  others. 

These  i n ves t i ga t ions  confirm  many  of  the  predictions  of  the  general  theory, 
and  the  utility  of  algorithms  developed  by  Karl  Treed. 

Having  studied  rad i at i on  1 ess  processes  in  isolated  molecules  (on  a time  scale 
shorter  than  the  time  between  collisions)  it  is  natural  to  use  the  information 
obtained  to  learn  how  collisions  lead  to  intramolecular  energy  exchange.  Such 
processes  are  of  great  importance  in  unimolecular  reactions,  both  those  which 
are  thermally  induced  and  those  induced  by  multiphoton  absorption  and  putatively 
of  use  for  isotope  separation.  As  one  example,  was  the  development  of  a theory 
of  laser  induced  photochemical  reaction  for  the  case  of  incoherent  excitation. 

This  class  of  reactions  has  just  been  discovered  and  reported  by  Grunwald 
(0.  F.  Oever  and  E.  Grunwald,  J.  Am.  Chem.  Soc . , 98,  5055  (1976). 

The  first  stage  in  the  present  studies  of  phot  )chemica I primary  processes  con- 
sisted of  developing  extensions  of  the  theory  with  respect  to  the  influence  of 
changes  in  molecular  geometry  and  the  distribution  of  internal  coupling  strengths. 
Simultaneously,  the  application  of  the  theory  of  radiationless  processes  to 
various  photochemical  reactions  led  to  the  study  of  intramolecular  vibrational 
relaxation  in  an  isolated  molecule.  As  a result  of  work  in  Chicago  and  else- 
where, it  is  now  apparent  that  this  kind  of  relaxation  can  be  slower  than 
reaction  in  a number  of  cases,  a finding  likely  to  be  of  profound  importance 
for  the  development  of  practical  selective  photochemistry.  For,  selectivity 
in  a photochemical  reaction  will  depend  upon  memory  effects,  that  is,  on  being 
able  to  use  a specific  prepared  vibronic  state  to  produce  specific  reaction 
products.  If  i n t ramol ecu  1 Si  energy  exchange  is  rapid  so  that  the  excitation 
energy  placed  in  a molecu’e  is  scrambled  rapidly,  product  selectivity  is 
unlikely  to  occur.  If,  cn  the  other  hand,  intramolecular  energy  exchange 
is  slow,  it  is  in  principle  possible  (though  not  necessarily  easy  or  efficient) 
to  produce  both  different  yields  and  different  products  by  selective  excitation 
of  different  initial  states. 

The  theoretical  contributions  to  this  problem  which  have  been  made  largely 
focus  on  the  analysis  of  the  behavior  of  simple  models  of  dynamical  processes. 

The  studies  completed  to  date  confirm,  on  the  whole,  that  it  is  possible  that 
intramolecular  energy  exchange  can  be  slow,  but  as  of  this  writing  the  theory 
is  very  incomplete  and  has  not  yet  yielded  detailed  understanding  of  when  and 
why  intramolecular  energy  exchange  is  fast  or  slow. 
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states  assumptions. 

A second  major  success  followed  from  the  continuation  of  the  unimole- 

cular  kinetics  research  which  was  initiated  as  AFOSR-68- 1 493 • 

Experiments  at  very  low  pressure  revealed  that  the  radiotracer  technigue  provided 
heretofore  unattainable  sensitivity  for  unimolecular  collisional  energy  transfer 
exper i ments . 
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apart  from  individuals  receiving  graduate  or  post-graduate  training  in  it.  We 
were  thus  surprised  to  be  in  the  apparent  position  of  having  developed  a tech- 
nique surpassing  the  capability  of  the  best  previous  technology. 
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Lead  as  Cyc lopropy I i dene  Precursors",  D.  Seyferth  and  R.  L.  Lambert,  Jr.,  JL 
Organometal ■ Chem. , 91 , 31  (1975) - 

"Halomethyl -Metal  Compounds.  LXXVI I . An  Organomercury  Route  to  Tet ra f 1 uoroe thy  I i - 
dene",  D.  Seyferth,  G.  J.  Murphy  and  R.  A.  Woodruff,  J.  Organometal.  Chem.,  92, 

7 (1975). 

"The  Generation  of  D i me t hy I s i I y I ene  under  Mild  Conditions  by  the  Thermolysis  of 
Hexamethy 1 s i I i rane" , D.  Seyferth  and  D.  C.  Annarelli,  J.  Amer.  Chem.  Soc.,  97, 

7 162  (1975). 

"Phenyl (trihalomethyl )mercury  Compounds:  Exceptionally  Versatile  D i ha  1 oca rbene 
Precursors",  D.  Seyferth,  Acct , Chem.  Res . , 5 , (1972). 

"The  Elusive  S i 1 acyc I opropanes-The  Preparation  and  Properties  of  a Long  Sought 
Class  of  Organos i I i con  Compounds",  D.  Seyferth,  J.  Organometal.  Chem., 100,  237 
(1975). 

"Organometa I I i c Compounds  as  Precursors  for  Fluorinated  Carbenes,  Chapter  in 
"Carbenes",  Vol  2,  R.  A.  Moss  and  M.  Jones,  Jr.,  ed.,  0.  Seyferth,  Wiley- 
Interscience,  New  York,  1975 

"Highly  Halogenated  Organic  and  Organometal I i c Materials  and  Strained  Ring 
Organometa I I i cs" , D.  Seyferth,  Fin.  Tech  Rpt. 

9.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 

The  objective  of  this  research  was  to  study  methods  of  synthesizing  new  and  useful 
organometa I I i c compounds  and  to  develop  novel  methods  of  systhesis  for  reaction 
intermediates.  The  work  included  an  extensive  study  of  highly  halogenated  organic 
and  organometal 1 ic  materials  and  the  synthesis  and  properties  of  a number  of 
heretofore  unavailable  strained  ring  organometal 1 i cs . The  research  results  are 
described  in  the  numerous  publications  listed  above. 

More  than  twenty  new  organometa 1 1 i c divalent  carbon  transfer  reagents  were  pre- 
pared arid  evaluated.  In  the  area  of  new  carbene  chemistry  reactions  were  studied 
which  involved  addition  of  PhHgCX^  derived  CX2  to  a variety  of  double  bonds.  These 
studies  provided  some  novel,  very  stable,  highly  halogenated  oxiranes,  thiiranes 
and  aziridines,  as  well  as  some  C,  N,  0-heterocycles  which  are  difficult  to  prepare 
by  other  routes.  Studies  of  CX2  insertion  into  C-H  bonds  were  carried  out, 
including  preparat  i ve  I y useful  reactions  of  PhHgCC^Br  with  cyc  1 oa  I kanes  . It  was 
established  that  the  C-H  insertion  reaction  proceeds  with  retention  of  configura- 
tion at  carbon.  A number  of  halogenated  active-metal  reagents  were  prepared  as 
new  reagents  and  their  synthetic  applicability  was  examined. 


212 


Research  with  iithuim  reagents  led  to  the  synthesis  of  the  first  s i 1 acyc 1 opropane . 


0>^7=<0 

S i 1 acyc lopropanes  had  been  sought,  without  success  by  many  workers  for  many  years, 
so  the  synthesis  of  this  compound  was  interesting  and  significant.  Related  com- 
pounds were  prepared  by  similar  reactions.  The  compounds  were  found  to  be  quite 
stable  thermally,  but  highly  reactive.  (They  react  exotherma 1 I y , at  room  tempera- 
ture with  oxygen,  water,  alcohols,  ammonia,  carbon  tetrachloride,  sulfur,  etc.,  -- 
behavior  typical  of  known  cyclic  tet raorganos i 1 i con  compounds.)  In  related  work, 
the  smallest  s tannacarboxy 1 i c compound  known  to  date  was  prepared. 
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J,  Amer.  Chem.  Soc . , 9 A , 8117  (1972). 
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Methy I enecyc 1 obut ane" , R.  Srinivasan,  ibid,  2725  (197*0  • 
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"Photochemical  Addition  of  Benzene  to  Unsaturated  Materials"  R.  Srinivasan, 
Fin.  Tech  Rpt ■ 

9.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 

The  aims  of  this  work  were  (I)  a systematic  study  of  the  mechanistic  and  kinet 
aspects  of  the  photochemical  1,3-addition  of  benzene  and  its  derivatives  to 
olefins, 1 (2)  the  utilization  of  the  1 ,3'photoaddi tion  reaction  as  a route 
to  the  synthesis  of  cage  compounds  and  natural  products. 

The  photoaddition  reactions  of  benzene,  several  a 1 ky 1 benzenes , and  anisole  to 
a variety  of  olefins  were  systematically  investigated.  The  identities  of  the 
numerous  products  that  were  obtained  were  established.  Kinetic  data  over  a 
range  of  concentrations  of  the  olefin  were  measured.  From  an  analysis  of 
these  results,  it  was  possible  to  exclude  the  diradical  ("pref u 1 vene") 
mechanism  that  had  been  proposed  for  these  reactions  by  a group  in  England, 
and  instead,  suggest  an  alternative  mechanism  which  was  based  on  the  forma- 
tion of  an  exciplex  between  the  singlet  excited  state  of  the  aromatic  com- 
pound and  the  olefin.  From  a detailed  model  for  this  exciplex,  it  has  become 
possible  to  predict  the  preferred  sterochemi st ry  and  photochemical  efficiency 
of  the  addition  between  different  olefins  and  a given  aromatic  reactant. 

The  intermediacy  of  exciplexes  in  many  photochemical  reactions  has  come  to 
the  attention  of  the  photochemists  in  recent  years.  The  systems  that  were 
investigated  under  this  contract  offer  highly  favorable  features  for  further 
investigations  of  the  general  phenomenon  of  exciplex  photochemistry. 

The  exploitation  of  the  photochemical  1,3'addition  as  a useful  systhetic 
route  was  made  possible  by  the  discovery  that  anisole  participated  in  this 
reaction  as  readily  as  benzene,  but  the  product  was  - unlike  the  benzene 
photoadduct  - stable  towards  photodegradation.  As  a result,  photoadducts 
of  anisole  could  be  prepared  in  yields  as  high  as  80  percent  whereas 
benzene  typically  gave  only  a 30  percent  yield.  It  was  also  established 
that  the  anisole  photoadduct  could  be  decomposed  by  acid,  even  without  being 
isolated,  to  give  rise  to  useful  polycyclic  bridged  ketones.  In  turn  these 
have  been  converted  to  perhydroazu I enes  which  are  synthons  for  a class  of 
naturally  occurring  terpenes. 


The  photochemical  I, 3-adduct  of  benzene  to  cyclobutene  underwent  a novel  thermal 
rearrangement,  viz,  the  (2 ' - v i nycyc I opropy I ) cyclobutane  rearrangement,  which 
was  described  for  the  first  time  in  this  work.  The  synthetic  scope  and  stero- 
chemistry  of  this  reaction  were  studied  in  detail.  It  was  established  that  this 
reaction  offers  one  of  the  easiest  routes  to  the  synthesis  of  the  triquinacene 
ske I eton . 
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9.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 

Increased  Air  Force  capabilities  in  reconnaissance,  communication,  and  weaponry 
require  developments  in  laser  technology  and  new  lasers  operating  at  shorter 
wavelengths.  Since  there  is  presently  a lack  of  suitable  short  wavelength  lasers 
that  are  required  for  certain  AF  mission  areas,  it  was  felt  desirable  to  conduct 
a workshop  on  electronic  transition  lasers.  At  this  workshop,  researchers  in  the 
field  presented  the  results  of  their  research,  conducted  an  open  interchange  of 
ideas,  and  evaluated  and  assessed  progress  in  this  area. 

The  colloquium/workshop  was  held  at  the  facilities  of  the  Marine  Biological 
Laboratories  in  Woods  Hole,  Mass.,  in  September  1975.  There  were  one  hundred 
forty  registered  participants,  the  number  being  limited  by  the  s i ze  of  the 
facilities.  Approximately  fifty  papers  were  presented  in  five  technical  sessions. 

The  workshop  was  extensively  reported  by  Laser  Focus  magazine  in  its  December 
1975  issue,  and  was  characterized  as  one  of  the  "eleven  principal  international 
meetings  of  I975-"  Complete  proceedings  were  published  by  the  M.l.T. Press  in 
July  1 9 76 . 
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9.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 

The  research  studies  involved  the  investigation  of  the  kinetics  and  mechanism  of 
selected  gas  phase  reactions  of  ground  state  oxygen  atoms.  All  of  the  reactions 
studied  are  of  either  direct  or  indirect  interest  with  respect  to  oxidative  pro- 
cesses which  occur  in  the  atmosphere.  Among  the  reactions  studied  were  the 
fo I lowing: 


(A) 

0(3P) 

+ 

N02  0?  + NO 

(1) 

(B) 

0(3P) 

+ 

ocs  SO  + CO 

(2) 

(0 

G_ 

0 

+ 

cs2  -*  so  + cs 

(3) 

(0) 

Q- 

fx'N 

O 

+ 

CHjCN  CHj  + CN0 

(M 

(E) 

Cl 

O 

+ 

CFjCN  CF3  + CN0 

(5) 

(F) 

0(3P) 

+ 

ch3coch3  oh  + ch2coch3 

(6) 
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Each  reaction  was  studied  over  wide  temperature  ranges  using  fast  flow  apparatus 
coupled  with  electron  spin  resonance  and/or  mass  spec t rome t r i c detection  methods 
In  some  cases,  (with  CH^CN  and  CF^CN)  it  was  necessary  to  use  the  flash  photo- 
lysis-resonance fluorescence  method  in  order  to  avoid  the  problem  of  free  radica 
chain  reactions  observed  under  typical  flow  tube  conditions.  The  specific  rate 
constants  obtained  are  expressed  in  terms  of  the  usual  Arrhenius  eguation. 
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9.  ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 

The  AFOSR  program  on  Gas  Phase  Spectrometry,  Trace  Analysis  of  Elements,  and  Com- 
bustion Diagnostics  at  the  University  of  Florida  consists  of  fundamental,  instru- 
mental, methodological  and  applied  studies  of  atomic  and  molecular  emission  and 
luminescence  and  atomic  and  molecular  absorption  spect romet r i c methods,  parti- 
cularly as  these  measurement  methods  apply  to  trace  element  analysis,  diagnostics 
of  plasmas,  and  optimization  of  spect romet r i c experimental  methods  of  analysis. 

By  means  of  such  studies,  new  and  improved  selection,  sensitive,  precise,  accur- 
ate, and  rapid  methods  of  trace  analysis  of  elements  and  molecules  in  the  gas 
phase  or  convertible  to  the  gas  phase  have  been  or  are  being  developed  and  as 
an  additional  bonus  valuable  diagnostic  methods  and  results  for  plasmas  result. 
Special  efforts  have  been  given  to  rapid  simultaneous  or  sequential  mu  1 t i -e 1 ement 
methods  of  analysis  of  elements,  particularly  as  applied  to  the  trace  analysis 
of  many  elements. 

Fundamental  Studies:  A variety  of  physical  and  spectroscopic  parameters  either 

characteristic  of  the  plasma,  e.g.,  atmospheric  pressure  flames,  low  pressure  Rf 
inductively  coupled  plasma,  or  microwave  capac i tat i ve 1 y coupled  plasma,  such  as 
the  plasma  temperatures  (gas  temperature,  excitation  temperature,  i.e.,  electronic, 
vibrational,  and  rotational,  electron  temperature,  and  ion  temperature)  and  ion 
densities  have  been  measured  by  both  spectroscopic  and  electric  probe  techniques. 

The  spectroscopic  and  electric  probe  methods  are  well  described  in  the  literature, 
e.g.,  R.  H.  Huddlestone  and  S.  L.  Leonard,  "Plasma  Diagnostic  Techniques", 

Academic  Press,  New  York,  1 96 5 - These  measurements  have  shown  that  the  ion 
densities  in  microwave  plasmas  of  inert  gases,  as  Ar  and  Ne,  and  in  inert  gases 
containing  metals,  e.g.,  T] , Ti,  etc.,  are  lower  than  in  equivalent  Rf  plasmas, 
whereas  the  electron  temperatures  are  in  the  reverse  order.  Such  measurements 
are  useful  in  the  design  of  sealed-off  EDLs  (electrodeless  discharge  lamps)  as 
excitation  sources  in  atomic  absorption  and  atomic  fluorescence  spectrometry. 
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A thorough  experimental  ont imitation  of  sealed-off  EDLs  for  several  elements 
(Zn,  Tl,  Mn  , Pb,  and  Hq)  has  also  been  performed.  This  latter  study  demonstrated 
the  importance  of  thermostat ing  the  EDLs  during  operation.  More  recently,  a con- 
centrated experimental  optimization  program  has  been  initiated  on  EDLs  for 
nto  ic  fluorescence  spectrometry  and  are  utilizing  the  SIMPLEX  statistical 
approach.  Certain  steps  in  the  preparation  and  operation  of  EDLs  (via  A- 
antennas)  have  been  shown  to  be  critical,  including  thermostat ing  as  mentioned 
above  and  the  outgassing  step  (time  and  method). 

The  influence  of  source  intensity  upon  the  atomic  fluorescence  signals  and  the 
shape  of  analytical  calibration  curve  (fluorescence  intensity  vs_  analyte  con- 
centration) has  also  been  looked  at  in  detail.  It  has  been  theoretically  shown 
and  experimentally  verified  that:  (I)  the  atomic  fluorescence  signal  increases 
linearly  with  source  intensity  until  saturation  is  approached  where  the  fluor- 
escence signal  reaches  a constant  plateau;  (2)  if  saturation  is  approached,  the 
fluorescence  signal  is  nearly  independent  to  source  fluctuations  and  quantum 
efficiency;  (3)  if  saturation  is  nearly  reached,  source  scatter  is  even  more 
difficult  to  deal  with;  (4)  if  saturation  is  nearly  reached,  analytical  calibra- 
tion curves  have  extended  linearity  at  high  analytical  concentrations.  Satura- 
tion is  nearly  achieved  only  if  laser  sources  are  used.  A ^-pumped  dye  laser 
has  been  used  for  elements  with  strong  absorption  lines  at  wavelengths  greater 
than  about  360  nm. 

Molecular  fluorescence  as  well  as  Raman  spectrometry  also  benefits  from  the  use 
of  lasers.  Extremely  low  detection  limits  results  for  molecules  which  can  be 
excited  with  either  the  t^-laser  alone  or  with  the  l^-laser/dye  laser  combination. 
It  is  doubtful,  however,  whether  saturation  is  even  approached  and  so  the 
molecular  fluorescence  intensity  varies  linearly  with  laser  power.  Raman 
scatter  is  useful  for  quantitative  analysis  of  molecules  in  solution  if  present 
at  concent  rat  ions  0 . 1 X . 

Radiance  express  ions  for  atomic  emission  and  atomic  fluorescence  including  the 
effect  of  stimulated  emission  have  been  derived  to  consider  the  exact  effect  of 
se 1 f-absorpt ion  on  the  fluorescence  and  thermal  emission  processes.  For  the  case 
of  thermal  emission,  if  stimulated  emission  can  be  accounted  for,  then 


B£  - At  <Tf) 

o 

where  A is  the  total  absorption  factor  in  which  stimulated  emission  is  accounted 

^ p i . 

for  and  B (T,)  is  the  Planck  spectral  radiance  at  the  line  center,  v , and  at  the 
v ' ° 

o 

temperature  of  the  hot  gases,  T*.  If  stimulated  emission  is  negligible,  then 

B^'  (T„)  can  be  replaced  by  the  Wien  approximation,  B^' (Tr) . 
of  v„  f 


Several  papers  have  been  written  and  are  in  press  concerning  a systematic  compari- 
son of  the  s i gnal - to-noi se  ratios  for  multielement  spectroscopic  measurement 
methods,  including  methods  based  upon  sequential  linear  scan,  sequential  slewed 
scan,  multichannel,  and  multiplex  techniques.  It  is  shown  that  for  the  U1/-1/  i s i b I e- 
Near  IR  region  that  the  multiplexed  methods  (based  on  Fourier  Transform  or  Hadamard 
Transform)  have  little  it  any  use  for  real  analytical  systems.  It  is  also  shown 
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that  the  multichannel  methods  is  always  the  best  but  is  often  too  expensive, 
bulky,  and  complex  as  compared  to  the  other  non-mu  1 t i p I exed  methods,  and  therefore, 
in  terms  of  speed,  cost,  and  analytical  figures  of  merit,  the  sequential  slewed 
method  is  recommended. 

Methodological  and  Instrumental  Studies.  Pulsed  light  sources  have  been  used  in 
both  atomic  and  molecular  spec t rome t r i c studies.  Pulsed  non-laser  sources  are 
shown  to  have  benefit  over  cw  non-laser  sources  if  the  noise  of  the  system  is 
predominately  due  to  the  detector.  Pulsed  laser  sources  have  benefit  in  atomic 
fluorescence  signals.  Detection  limits  of  elements  in  flames  excited  via  a 
pumped  dye  laser  are  essentially  as  good  as  or  better  than  any  of  the  previous 
atomic  fluorescence  flame  spect romet r i c results  obtained  with  cw  non-laser 
sources.  The  prediction  that  laser  sources  show  result  in  detection  limits 
4-6  orders  of  magnitude  lower  than  non-laser  sources,  especially  for  non- 
resonance fluorescence  lines,  has  not  yet  born  out.  Studies  are  in  progress 
to  determine  the  noise  sources  in  both  systems.  Finally,  a pulsed  f^-laser 
with  or  without  a dye  laser  (either  narrow  band  or  broad  band)  is  an  excellent 
source  for  molecular  fluorescence  and  Raman  Spectrometry;  the  syster  consists 
of  the  laser  source,  a quartz  cell  with  the  sample,  a monoch romator , a photo- 
multiplier, and  a boxcar  integrator  synchronized  to  the  laser  pulse.  Time 
resolution  aids  in  resolving  two  or  more  species  with  similar  molecular 
fluorescence  spectra.  Gas  phase  molecular  fluorescence  spectra  has  also 
been  measured;  in  this  case,  separation  of  molecular  species  is  v i a a gas 
chromatograph  and  the  molecules  are  excited  as  they  pass  through  a 3'tim 
square  quartz  cel  1 . 

A general,  versatile,  intense,  non-laser  cw  source  for  atomic  fluorescence  is 
the  EIMAC  xenon  arc  lamp;  this  is  a point  source  at  the  focus  of  a parabolic 
reflector  and  has  a sapphire  window.  It  i s an  excellent  source  for  atomic 
fluorescence,  molecular  fluorescence,  and  photochemical  studies.  It  has  been 
used  in  atomic  fluorescence  spectromet ry  and  detection  limits  approaching  those 
obtained  with  optimized  EDLs  result.  It  has  also  been  used  as  the  source  of 
excitation  for  a fluorimetric  detector  in  gas  ch romatographv  and  in  liquid 
chromatography . 

During  the  past  two  years,  many  different  multielement  methods  have  been 
studied.  The  Hadamard  Transform  atomic  fluorescence/emission  flame  spectro- 
meter proved  to  be  flame  background  noise  limited.  The  SIT  vidicon  tube 
detector  atomic  fluorescence/emission  spectrometer  proved  to  be  detector 
noise  limited,  wavelength  range  limited,  and  signal  limited.  The  computer- 
controlled  slewed  scan  dispersive  spectrometer  atomic  fluorescence  system 
has  proven  to  be  an  excellent  system  for  determination  of  trace  elements 
in  real  samples,  e.g.,  jet  engine  oil  samples,  blood  sera,  qeological 
samples,  etc.  More  recently,  a computer-controlled  slewed  scan  selectively 
modulated  i n t e r fe rome t r i c dispersive  spectrometer  (SEMIDS)  has  been  developed 
and  has  been  shown  to  be  not  only  novel  and  exciting  but  most  likely  the 
spectral  method  for  rapid,  multielement  analysis.  In  SEMIDS,  a Michelson 
interferometer  is  constructed  except  that  the  stationary  mirror  is  replaced 
with  a computer  controlled  stepping  rotating  grating;  at  any  given  grating 
angle,  a certain  small  wavelength  range  will  undergo  construction  inter- 
ference with  the  modulated  white  light  component  from  the  other  arm  of  the 
Michelson  interferometer  resulting  in  a modulated  spectral  component  at  the 
grating  setting.  The  real  advantage  of  SEMIDS  is  the  simultaneous  high 
resolution  and  large  throughput,  e.g.,  a 5*mm  entrance  aperture  results 
in  a large  signal  but  only^S/  drop  in  the  theoretical  resolution  of  the 
grat i ng . 
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In  addition  to  light  source  development,  non-flame  furnace  atomizers  have  also 
been  studied.  A graphite  filament  atomizer  with  or  without  a flame  sheath  has 
been  shown  to  be  valid  for  some  trace  elements  in  several  real  samples.  In 
addition,  a continuous  flow  tube  furnace  with  sample  being  continuously 
aspirated  into  the  furnace  has  also  been  shown  to  be  useful  for  ultra-trace 
analysis  of  volatile  elements,  e.g.,  Cd,  Zn,  Pb,  As,  Pe,  Mn , Mg , etc.  All 
non-flame  cells  have  some  difficulties  with  refractory  elements  and  matrices,  e.g., 
Cd  in  alumina  and  even  Cd  in  sea  water.  Interference  studies  with  these  devices 
as  well  as  development  of  an  atomization  theory  are  in  progress. 

Other  studies  performed  have  included  the  use  of  a power  divider  to  operate  2 EDLs 
from  the  same  microwave  power  supply,  double  modulation  (chopped  EIMAC  source  and 
wavelength  modu 1 a t i on)  atomic  fluorescence  spectrometry,  estimation  of  the 
reflection  losses  in  absorption  cells,  and  the  use  of  an  EIMAC  continuum  cw 
source  for  atomic  fluorescence  spectrometry  of  trace  elements  atomized  with  a 
graph i te  f i I ament . 

Applied  Studies.They  have  continued  studies  involving  measurement  of  trace  elements 
in  jet  engine  oils,  biological  samples,  foods,  and  environmental  samples.  For 
example,  a recent  study  has  shown  that  there  is  considerable  lead  in  some  food 
wrappers.  An  excellent  hydrolysis  procedure  has  been  developed  for  orange  juice; 
the  hydrolysate  is  then  determined  by  atomic  absorption  furnace  or  flame  spectro- 
metry or  by  atomic  emission  plasma  jet  spectrometry. 

The  molecular  fluorescence  and  phosphorescence  characteristics  of  Rhodamine  com- 
plexes with  gallium  and  indium  have  also  been  studied. 

Rev i ews . During  the  past  two  years,  another  biannual  review  on  flame  spectro- 
metry has  been  written  and  published.  Other  reviews  include  one  on  pulsed  light 
sources  in  atomic  fluorescence  spectrometry,  one  on  multielement  methods  of 
analysis  and  one  on  atomic  fluorescence  sp-^trometry . 

AFOSR  Program  Manager:  D.  W.  Elliott 
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9.  ABSTRACT  OF  ACCOMPLISHMENTS  AND  OBJECTIVES: 

The  major  effort  of  the  research  has  been  to  develop  both  IRS  and  XPS  (X-ray 
photoelectron  spectroscopy)  as  viable  spectroscopic  tools  in  characterizing 
electrode  surfaces.  To  date,  these  studies  have  involved  character i z i ng  elect- 
rode surfaces.  To  date,  these  studies  have  involved  the  development  of  the 
internal  reflection  spectroscopic  (IRS)  technique  at  optical  transparent 
electrodes  (OTE's)  to  monitor  in  situ  surface  electrode  reactions.  Reflection 
changes  induced  both  by  the  diffusion  of  light  absorbing  species  in  solution, 
and  by  the  alteration  of  the  optical  constants  associated  with  the  formation 
of  electrode  films  have  been  observed.  In  addition,  in  1971  the  first 
experiments  were  initiated  utilizing  electron  spectroscopy  for  chemical 
analysis  (XPS  or  ESCA)  for  identifying  the  nature  of  surface  films.  Since 
f that  time  the  concern  has  been  with  developing  XPS  as  a mechanistic  aid  in 

following  electrode  reactions,  primarily  those  where  surface  oxide  films  alter 
the  electronic  properties  of  the  electrode  surface.  These  studies  on  well 
defined  oxides  have  been  invaluable  in  providing  the  data  base  for  the  results 
obtained  on  oxides  generated  in  electrochemical  cells.  These  studies  on  oxide 
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systems  have  now  been  extended  to  characterizing  a variety  of  metal  ions  deposited 
at  underpotential  with  a special  interest  in  unders t and i ng  the  XPS  chemical  shift 
of  these  species  versus  the  corresponding  bulk  species. 

Initial  studies  focused  on  the  lead  oxygen  system.  The  PbAf  and  0 Is  bindinn  enernie 
for  the  bulk  compounds  PbO  (rhombic),  PbO  ( tet raqona I ) , Pb^0;4  and  PbC^  were 
obtained.  By  preparing  a clean  lead  surface  in  situ,  the  various  stages  of 
surface  oxidation  were  monitored  by  exposing  the  sample  to  varying  amounts  of 
oxygen  and  comparing  the  results  to  the  spectra  of  the  known  oxides.  For  oxide 
films  of  thickness  on  the  order  of  one  monolayer,  three  d i f f erent  oxygen 
species  were  observed  including  chemisorbed  oxygen  atoms,  rhombic  PbO  and  tetrag- 
onal PbO.  As  the  oxidation  increased  to  several  monolayers,  the  rhombic  structure 
predominated  in  accord  with  results  predicted  by  X-ray  diffraction  studies. 


XPS  was  found  to  be  extremely  powerful  in  elucidating  the  nature  of  hydrates  of 
metal  oxides.  By  exposure  of  Pb02  to  water  vapor,  two  different  oxygen  species 
were  seen  in  the  0 Is  spectrum.  Since  mass  spect romet r i c analysis  indicated  0 
bulk  water,  the  observed  water  must  only  be  present  on  the  surface.  Simitar 
studies  on  the  hydrates  of  RuC^  indicates  the  presence  of  bulk  water. 


Another  system  of  extremely  important  catalytic  interest  is  the  Ni-oxyqen 
system.  The  surface  chemistry  of  Ni  was  studied  using  both  temperature  chanqes 
and  ion  bombardment  as  techniques  for  elucidating  electrode  structure.  The 
major  finding  of  this  work  is  that  the  XPS  technique  could  distinguish  the  pre- 
sence of  a surface  cation  defect  structure,  Ni^O  , present  in  varying  degrees, 
on  oxidized  Ni  surfaces.  i 


Since  1971,  numerous,  complex  approaches  have  been  espoused  to  ingeneously 
remove  the  solution  layer  from  an  electrode  surface  so  it  can  be  inserted  into 
a high  vacuum  spectrometer. 

A rather  simple  procedure  has  been  developed  that  has  been  quite  effective  in 
performing  initial  survey  work  for  many  systems.  The  approach  employs  a small 
voulme  electrochemical  cell  ('~'150,ul)  placed  within  a high  quality  controlled 
atmosphere  box  (C^,  H^O  < 5 ppm)  which  also  encloses  the  sample  introduction  rod 
to  the  XPS  spectrometer.  The  cell  can  be  aspirated  under  potent iostat ic  con- 
trol within  several  milliseconds  and  can  be  inserted  into  the  10”-'  torr  vacuum 
of  the  XPS  analyzer  within  60  seconds.  Maximum  contamination  of  1/3  of  a mono- 
layer  of  oxygen  or  carbon  is  observed  on  Pt  electrodes  exposed  to  water.  The 
electrode  can  be  withdrawn  from  the  spectrometer,  and  the  solution  replaced  on 
the  electrode  while  it  is  under  potent iostat ic  control,  for  reexamination  of 
electrochemical  properties.  Although  these  contamination  levels  are  not  as 
low  as  those  proposed  by  using  the  in  situ  thin  layer  cells,  many  important 
initial  studies  can  be  performed  quickly. 

This  cell  configuration  has  been  exploited  to  study  the  Pt  electrode  surface, 
using  both  in  situ  IRS  studies,  and  conventional  electrochemical  techniques 
to  verify  the  integrity  of  the  electrode  surface. 

Comparison  of  XPS  studies  to  coulometric  investigations  has  clearly  been  valua- 
ble in  lending  credence  to  the  XPS  approach.  Comparing  XPS  and  reflection 
spectroscopic  studies  on  Pt  oxidized  in  situ  for  further  verification  of  the 
proposed  results,  was  the  goal.  Of  special  interest  has  been  the  development 
of  the  internal  reflection  (IRS)  mode,  since  with  the  possible  exception  of 
scanning  e 1 1 i psomet ry , it  offers  the  only  approach  to  complete  characterization 
of  all  the  optical  constants  (n,  k,  and  H)  of  the  platinum  oxide  layer. 


228 


efforts  in  this  direction  resulted  in  the  design  of  a computer  controlled  IRS 
spectrometer,  the  impl imentat ion  of  a sophisticated  curve  fittinq  routine  for 
inversion  of  the  Fresnel  formulae,  and  the  capability  of  measuring  optical 
constants,  for  both  the  optically  transparent  platinum  electrode  and  the 
oxide  overlayer.  The  procedure  for  extracting  these  results  involved  massive 
data  collection  as  the  angle  of  incidence,  polarization,  wavelenqth  and 
electrode  potential  are  varied.  The  curve-fitting  routine  then  appropriately 
weights  each  datum  using  Hansen's  equaltions  for  a multilayer  film  system. 

The  optical  constants  of  the  bare  OTE  are  first  determined  and  then  input  to 
the  data  processing  of  the  reflectivities  measured  during  electrochemical  pro- 
duction of  the  absorbed  film.  The  measured  thickness  of  the  Pt  film  is 
independent  of  wavelength  to  a standard  deviation  of  1.5*,  Illustrating  the 
unprecedented  power  of  this  approach  in  analyzing  thin  absorbing  films,  and 
demonstrating  the  utility  of  the  IRS  spectrometer. 

The  same  procedure  can  be  followed  measuring  the  optical  properties  of  thin 
films  absorbed  on  the  OTE  using  a A-layer  optical  model.  Results  to  date 
show  a linear  thickness  vs.  potential  plot  for  platinum  oxide  formation 
between  0.6V  and  1 . 8V  vs  SCE  in  H2S0^  where  the  growth  reaches  limiting 
value  of  $£ . These  thicknesses  are  in  excellent  agreement  with  the 
el  I ipsometrical ly  measured  thickness  recently  reported  for  the  formation 
of  oxi de  on  Pt . 

These  measurements  are  consistent  with  the  thickness  measurements  evaluated 
by  XPS , at  least  at  1.8V.  The  agreement  of  the  two  approaches  yields  strong 
evidence  that  the  vacuum  transfer  techniques  are  valid  ones  for  these  films. 
Similar  XPS  studies  on  oxides  generated  below  I.OV  vs.  SCE,  however,  do  not 
yet  produce  thickness  consistent  with  the  IRS  techniques  that  the  very  thin 
films  may  be  soluble  or  may  pump  off  in  the  vacuum.  Future  studies  using 
XPS,  Auger  or  LEED  must  clearly  take  these  problems  into  account.  Thus,  if 
film  integrity  can  be  confirmed  by  IRS,  XPS  becomes  the  most  powerful  probe 
for  identification  of  its  chemical  composition.  In  this  case,  the  con- 
clusive identification  of  PtO  by  XPS  illustrates  this  point. 
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